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ABSTRACT 


Some of the outstanding results recently obtained by the 
National Advisory Committee for Aeronautics in the research on 
aircraft power plants are presented. The subject of fuel injection 
with both gasoline and the new safety fuels is discussed. The 
problem of improving the cooling of air-cooled cylinders by in- 
creasing the fin surface has been investigated. A cylinder has 
been constructed and tested having preformed sheet-metal fins 
bonded to the cast aluminum-alloy cylinder head. The results of 
performance test on a 2-stroke-cycle liquid-cooled and a 4-stroke- 
cycle air-cooled Diesel engine are discussed. 


INTRODUCTION 


EVER before in the history of aeronautics has 

there been such a demand for high speed in mili- 
tary airplanes. To obtain the desired high speeds re- 
quires the development of engines of approximately 
2000 horsepower having small frontal areas. This de- 
mand has caused a swing from air-cooled back to liquid- 
cooled engines, at least, for high-speed military air- 
planes. 

The air-cooled engine has not reached, by any means, 
its maximum power output. The several researches of 
the Committee, particularly on cylinder cooling, have 
shown possibilities of large increases in power output 
from air-cooled cylinders. 

It is the purpose of this paper to point out some of 
the results obtained from recent investigations of the 
Committee that indicate possibilities for further in- 
creasing the safety and power output and reducing the 
fuel consumption of aircraft engines. 
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FUEL INJECTION 


The desired degree of atomization required of liquid 
fuels suitable for present aircraft engines may be ob- 
tained by the use of a carburetor, a fuel-injection system 
injecting into the manifold, or a system injecting into 
the engine cylinder. The principal advantages claimed 
for the use of fuel-injection systems, as compared with 
the use of a carburetor, are freedom from icing, im- 
proved fuel distribution and acceleration, and scaveng- 
ing of the combustion chamber without the loss of fuel 
by the use of large valve overlap. 

The use of an injection system giving injection into 
the cylinder also permits the use of fuel having a much 
wider range of distillation temperatures than aviation 
gasoline. In this country, where large supplies of fuels 
are available, this factor is not of great importance. 
In Germany, where the greater part of the fuel must be 
imported, the use’of fuel-injection systems capable of 
handling a wide range of fuel volatilities has been se- 
lected as the method to be used on all military aircraft 
engines. 

The military and naval services of the United States 
have been active in sponsoring the development of com- 
mercial fuel-injection systems. The National Advisory 
Committee for Aeronautics has limited its research to 
an investigation of the factors influencing the injection 
of fuel into the engine cylinder. These factors have 
included the location of the fuel-injection valve in the 
cylinder, the type of fuel spray to be used in a particu- 
lar cylinder, the rate of fuel injection, the maximum in- 
jection pressure, and the time of start of injection. 
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Cylinders having a pent-roof combustion chamber with 
four valves and spherical combustion chambers with two 
valves have been investigated. In these cylinders, 
maximum performance has been obtained by directing 
the fuel to take advantage of the turbulence set up by 
the flow of air through the inlet valves. In the cylinder 
having the pent-roof combustion chamber, the best 
location of the fuel-injection valve was between the ex- 
haust valves. The fan type of fuel spray was injected 
against the incoming air stream. 

The number of possible locations of the fuel-injection 
valve in the cylinder having a spherical combustion 
chamber is limited. The best location has been found 
to be just above the steel barrel between the rear spark 
plug and the intake port. 

The most important variables influencing perform- 
ance have been found to be the location of the fuel 
valve, the type of fuel spray, and the airflow set up in 
the engine cylinder. Best results are always obtained 
with cylinders having either a high degree of air swirl or 
intense turbulence. If the cylinder has neither swirl 
nor turbulence, means must be furnished to set up air 
movement. In two-valve cylinders air movement may 
be obtained by shrouding the intake valves, by direct- 
ing the intake manifold at an angle, or by changing the 
contour of the cylinder head. 

The performance to be obtained with a modern air- 
cooled cylinder of approximately 200 cu.in. displace- 
ment when fitted with a carburetor, with a fuel system 
injecting into the manifold, or with a system injecting 
into the cylinder has been investigated by the Com- 
mittee. The results obtained at a speed of 1900 r.p.m. 
with atmospheric pressure at the inlet are summarized 
in Fig. 1. The complete results of the investigation are 
given in reference 1. 

The brake mean effective pressures obtained follow 
the curves of volumetric efficiency, being highest with 
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injection into the cylinder and lowest with the carbure- 
tor. The minimum specific fuel consumption obtained 
with each method of atomizing the fuel was the same. 
Consistent firing could be obtained with leaner mixtures 
when using the carburetor than with either method of 
fuel injection. Since power output and minimum spe- 
cific fuel consumption are the same, for all practicable 
purposes, other criterions must be used in determining 
which of the several systems of atomizing the fuel are 
to be used on a given engine. 


SAFETY FUELS 


In 1930 some products of the hydrogenation process, 
designated as “‘safety fuels,’’ were made available.* 
These fuels had flash points of about 125°F. (Cleveland 
open-cup method) and distillation temperatures of be- 
tween 325-400°F. The heating value of the fuel was 8 
percent less than that of gasoline. The octane number 
of the hydrogenated safety fuel was 95 as determined by 
the manufacturer using a series 30 Ethyl Gasoline Cor- 
poration test engine operated at a speed of 600 r.p.m. 
and with a coolant temperature of 300°F. 

These hydrogenated safety fuels were of particular 
interest to the Bureau of Aeronautics, Navy Depart- 
ment, because of their possible use in airship engines. 
The Committee investigated the performance to be ob- 
tained with these fuels in a cylinder having a pent-roof 
form of combustion chamber and found that the same 
maximum power could be obtained with safety fuel as 
with gasoline, but that the minimum specific fuel con- 
sumption was from 5 to 10 percent higher. The in- 
creased fuel consumption was accounted for, in part by 
the decreased heating value of the fuel. 

New processes have recently become available* for 
manufacturing safety fuels having flash points of about 
115°F. with heating values equal to that of gasoline. 
The performance to be obtained with these safety fuels 
is being investigated by the Commiteee on a single- 
cylinder engine using an air-cooled cylinder of ap- 
proximately 200 cu.in. displacement. The injection 
system used is a single-cylinder unit of a commercially 
available multicylinder unit. The injection-valve open- 
ing pressure was 2000 Ib. per sq.in. 

The curves in Fig. 2 show a comparison of the engine 
performance obtained with two of these safety fuels as 
compared with that from technical iso-octane. The 
antidetonating qualities of the safety fuel being, at the 
present time, inferior to technical iso-octane, sufficient 
tetraethyl lead was added to the safety fuel to equal the 
antidetonating quality of the technical iso-octane. The 
performance of the safety fuel having a cut between 
300-435°F. is the same as that obtained with technical 
iso-octane. The performance with the cut 400-635°F. 
was greatly inferior. Although the power could be made 
almost equal to that obtained with technical iso-octane, 
the fuel consumption was excessive. Any attempt to 
lean the mixture further than shown on the curves re- 
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sulted in misfiring. It is to be expected that every 
effort will be made by the fuel manufacturers to in- 
crease the octane number of these safety fuels, because 
their use should result in an appreciable reduction of the 
fire hazard in aircraft. 


FINNING OF CYLINDERS 


The modern air-cooled engine cylinder consists of a 
cast aluminum-alloy head screwed and shrunk onto a 
forged steel barrel. The cylinder is cooled by an air 
stream flowing over the finned surfaces of the cylinder. 
The dimensions of the fins on the cylinder head and 
barrel have usually been limited by casting and machin- 
ing technique. 

Eight years ago the Committee took up the problem 
of determining the effect of fin dimensions on the quan- 
tity of heat dissipated to an airstream. Since the first 
report* was published in 1934, numerous reports have 
been issued covering various phases of the problem. A 
final report summarizing the research will shortly be 
issued. 

The criterions for selecting a fin design are usually the 
weight, the pressure drop available for cooling, or the 
power required for cooling. The three-dimensional sur- 
face shown in Fig. 3 shows the effect of fin spacing and 
fin thickness on the overall heat-transfer coefficient, U. 
This surface has been plotted for a pressure drop of 4 in. 
of water and a weight of steel fin of 0.127 Ib. per sq.in. 
of wall surface. No limit has been placed on the fin 
width. At the peak position, the width of the fin is 
1.29 in. It may be seen that, for the specified condi- 
tions, only one combination of fin space and fin thick- 
ness gives a maximum heat transfer. The variation 


from the maximum is small, however, for relatively 
large ranges of fin space and fin thickness. 

The use of fins of copper, magnesium alloy, and 
aluminum alloy has been found to give about 2'/, times 
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the heat transfer of steel fins for the same weight. It 
may be expected that serious considerations will be 
given to replacing the steel fins on the barrel to obtain 
improved cooling. 


N.A.C.A. CLOSE-FINNED CYLINDER 


The results obtained from the investigation of fin 
dimensions have been incorporated in the design of the 
N.A.C.A. close-finned cylinder. Fig. 4 shows a com- 
parison between this cylinder and a conventional air- 
cooled cylinder having the same internal dimensions. 
The finned surface on the head of the new cylinder is 
six times and on the barrel is twice that of the con- 
ventional cylinder. 

The space between the fins is 0.078 in., the fin thick- 
ness is 0.031 in., and the maximum width of the fin is 


UB. 


Fic. 3. Three-dimensional surface showing effect of fin spacing 
and thickness on overall heat-transfer coefficient U. 


Fic. 4. Comparison of N.A.C.A. close-finned cylinder 
and conventional air-cooled cylinder with the same internal 
dimensions. 
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1.9 in. The dimensions of the desired fins prohibited 
the casting of the fins. A method was developed by the 
Committee in cooperation with the Norfolk Navy Yard 
for bonding preformed, sheet-aluminum fins to the cast 
aluminum alloy of the cylinder head. 

This method of construction removes all restrictions 
with regard to dimensions of the cooling fins that can 
be used on the head and opens the way to more effective 
cooling and to further large increases in engine power. 

The cylinder was mounted on a single-cylinder engine 
crankcase and tested to determine the possible power 
output and cooling to be obtained with this type of fin- 
ning. The curves of Fig. 5 show a comparison of the 
indicated horsepower developed by the N.A.C.A. close- 
finned cylinder and by the conventional cylinder for an 
average temperature difference between the cylinder 
head and the cooling air of 300°F. The cylinder-head 
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Fic. 5. Comparative values of indicated horsepower de- 
veloped by N.A.C.A. close-finned cylinder and conventional 
air-cooled cylinder. 


temperature was determined from the average of read- 
ings from 22 thermocouples located at corresponding 
points on both cylinder heads. The curves show that 
the N.A.C.A. cylinder will cool satisfactorily at 10 in. 
of water pressure drop when developing 160 indicated 
horsepower. This value is approximately three times 
the power of the conventional air-cooled cylinder. 


SURVEY OF PISTON TEMPERATURES 


With increase in the power obtained from a given 
engine cylinder, difficulty is usually encountered with 
piston and ring sticking. Additional cooling of the pis- 
ton has been obtained on some high-output engines by 
directing an oil spray onto the under side of the piston 
crown. This method should be used on aircraft engines 
only as a last resort because the heat added to the 
lubricating oil can be removed only by the use of oil 
radiators. Increase in radiator size is reflected in in- 
creased weight and drag of the airplane structure. 


In the study of piston cooling, it has been necessary 
to measure the piston temperature under actual engine 
operating conditions. The Committee has developed a 
method that makes use of thermocouples installed in 
the piston. The thermocouples are connected with a 
potentiometer by pneumatically operated plunger con- 
tacts for about 10 crankshaft degrees at the bottom of 
the piston stroke. The air pressure on the plungers can 
be released, and the plungers be dropped out of contact 
so that the equipment is operating only when it is de- 
sired to measure piston temperatures. 

A plot of the variation in temperature distribution 
with fuel-air ratio obtained on a forged aluminum alloy 
piston operating in a conventional air-cooled cylinder 
is shown in Fig. 6. The average head and barrel tem- 
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Fic. 6. Variation of piston temperature with fuel-air ratio 
for different thermocouple locations. 


peratures are determined by averaging the readings of 
22 thermocouples on the head and 10 thermocouples on 
the barrel. The aluminum alloy used in the piston has 
an ultimate tensile strength of 52,000 lb. per sg.in. at 
100°F. and 11,000 Ib. per sq.in. at 500°F. The rapid 
decrease in tensile strength of the aluminum alloy with 
increase in temperature has directed attention to other 
possible aluminum alloys having increased tensile 
strength at the operating temperature of pistons. 

One of the most interesting points brought out by 
this temperature survey is the relatively low tempera- 
ture difference between the average barrel temperature 
and the temperature of the piston skirt. In other tests, 
lowering the barrel temperature has been found to re- 
duce the temperatures measured at all thermocouple 
locations on the piston. The results point to the neces- 
sity of studying all possible methods of improving the 
cooling of the cylinder barrel in order to lower the piston 
temperatures. 

Considerable reduction in barrel temperature can be 
obtained by increasing the fin surface on the barrel. 
The fins on the barrel of the N.A.C.A. cylinder were 
formed from sheet steel and copper brazed to the 
cylinder barrel by the Pratt & Whitney Aircraft Com- 
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pany. This method of attaching the fins removes all 
restrictions as to the dimensions of the fins that can be 
used on the barrel. 


DIESEL-ENGINE INVESTIGATION 


The theoretical and practical advantages of the Diesel 
engine for aircraft have been most thoroughly discussed 
in the literature. The principal arguments for the air- 
craft Diesel engine are: It would reduce the fire hazard; 
fuel consumption under cruising conditions would be 
lowered; and a relatively cheap fuel could be used. 
Inasmuch as the cost of fuel and oil represent 12 percent 
of the operating cost of an airline, any reduction in fuel 
cost is of extreme importance. 

To be acceptable for airline use the Diesel engine 
must weigh approximately the same as the conventional 
Otto cycle engine, have the same take-off power, and 
have a lower cruising fuel consumption. At the present 
time, no available Diesel engine fulfills these specifica- 
tions. 

The research by the Committee on Diesel engines has 
been limited to the study of the fundamental factors in- 
fluencing the injection and the combustion of the Diesel 
fuel. One of the most important results of this investi- 
gation has been the development of the N.A.C.A. dis- 
placer-type combustion chamber.’ A cross-section of 
this combustion chamber adapted to an air-cooled 
cylinder is shown in Fig. 7. The cylinder assembly em- 


Fic. 7. A displacer-type combustion chamber adapted 
to an air-cooled cylinder. N.A.C.A. air-cooled Diesel 
cylinder; 5 in. bore X 5!/2 in. stroke. 


ploys conventional materials and methods of construc- 
tion. The cylinder head is of aluminum alloy screwed 
and shrunk onto a finned steel cylinder. The displacer 
is forged integrally with the aluminum-alloy piston. 
The cylinder has been assembled on a single-cylinder 
crankcase and the performance has been determined 
for a range of = speeds and boost pressures. The 
curves in Fig. 8 show the estimated performance of a 
9-cylinder engine based on the measured performance of 
the single-cylinder engine. Curves are shown for a 
speed of 2200 r.p.m. and boost pressures of 2.5, 5.0, and 
7.5 lb. per sq.in. The measured performance of the 


single-cylinder engine has been corrected for variation 
in engine friction, power required to supply combustion 
air, and the decrease in weight of charge caused by the 
temperature rise in the blower. The minimum specific 
fuel consumption of 0.36 Ib. per b.hp.-hr. is obtained 
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for a range of brake mean effective pressure from 100 
to 120 Ib. per sq.in. The minimum specific fuel con- 
sumption is obtained with 2.5 Ib. per sq.in. boost pres- 
sure rather than at zero boost because of the improved 
scavenging obtained by operating with a large valve 
overlap and increased manifold pressure. For take-off, 
there would be available a brake mean effective pressure 
of 175 Ib. per sq.in. The estimated weight of this Diesel 
engine would be 10 percent greater than the correspond- 
ing Otto cycle engine. 

Unlike the 2-stroke Otto cycle engine, the Diesel 
engine presents no problem of obtaining satisfactory 
combustion of mixtures covering a wide range of fuel- 
air ratios. For this reason, the 2-stroke-cycle Diesel 
engine is particularly attractive as an aircraft power 
plant. The investigations of the Committee on the 
2-stroke-cycle Diesel engine have been directed toward 
a study of the factors influencing the performance of a 
uniflow cylinder having piston-controlled inlet ports and 
poppet exhaust valves. 

The background of practical experience available on 
the 2-stroke-cycle engine is extremely limited as com- 
pared with that on the Otto cycle engine. Engine vari- 
ables being investigated by the Committee include the 
number, the shape, the timing, and the angle desired 
for the inlet ports; the lift and the timing of the exhaust 
valves; and the number arrangement, and location of 
the fuel sprays in an engine having a cylindrical com- 
bustion chamber. 

A diagrammatic sketch of the N.A.C.A. 
cycle Diesel engine and curves of performance obtained 
at 1800 r.p.m. with a scavenging air pressure of 10 Ib. 
per sq.in. are shown in Fig. 9. The scavenging air is 
supplied by an independently driven blower. The ‘‘in- 
dicated power” curve has been corrected for the power 
required to supply the combustion and the scavenging 
air with a conventional blower to give the ‘‘net brake 
curve.” At full load, a net brake mean effective pres- 
sure of 160 Ib. per sq.in. is developed. The fuel con- 
sumption under this condition, which would correspond 
to take-off, is somewhat excessive but would be re- 
duced to 0.42 Ib. per b.hp.-hr. under cruising conditions. 
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Fic. 9. Diagram and performance of N.A.C.A. 2-stroke-cycle 
Diesel engine; 4°/s in. bore X 7 in. stroke; 1800 r.p.m. 


Because of excessive loads on the valve gear, which 
limit the maximum speed to about 2400 r.p.m., con- 
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sideration is being given to the use of a sleeve-valve 


mechanism. 
Sleeve-valve 4-stroke-cycle engines have received 


little attention in this country because of the satis- 
factory power outputs obtained from poppet-valve en- 
gines. For future 2-stroke-cycle engines it is believed, 
however, that a sleeve-valve mechanism will be of 


increasing importance. 
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Book Review 


The Modern Diesel; [Iliffe and Sons, Ltd., London, fifth 


edition, 1938; 254 pages. 

This compact little book offers very interesting reading to 
anyone interested in the progress of automotive type engines and 
trends toward types. 

In spite of limited space the authors have found room for enough 
descriptive matter on the subject of fuel-injection pumps to 
satisfy most readers’ desire to know quite fully just what this 
thing is which supplants carburetor and electric ignition in a 
type of engine now being quite broadly accepted as a good prime 
mover. 

Of course, one may feel it is a bit early to state that in com- 
parison the (injection) ‘‘apparatus is simple,”’ for that might be 
quite honestly questioned by operators and particularly fleet 
operators who have had or are still experiencing difficulty in 
accustoming service personnel to a new type of engine accessory 
as critical of adjustment and supercritical of cleanliness as is fuel- 
injection equipment. This is without question one of those 
transitions which experience will iron out. 

The subject matter proceeds logically from injection systems to 
cylinder-head design and many types of combustion chambers 
are thoroughly explained as to construction and action. It may 
be assumed that since the size of the book and its title will at- 
tract readers entirely outside of the automotive industry, this 
section will be gratefully received by many. 

Descriptive matter covering combustion chambers is also 
well spread into the next section on ‘‘Transport Engines,”’ so that 
a good understanding is made possible of the variations from 
basic types of combustion chambers which have been adopted 
and proved serviceable. 

One criticism might be offered on this section, however. 
much as the M.A.N. engine with its ‘‘air cell’’ type combustion 
chamber was a very early one to enter the road transport field, 
many readers may so remember it, and the detailed description 
of its combustion process be read with considerable interest. Con- 
sequently, the statement that, . . . ‘‘Upon ignition the air com- 
pressed in the cell is directed into the burning mixture expelled 
from the combustion chamber .. .’’, may be unfortunate. Even 
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lay readers will wonder how air at compression pressure in the 
ceil can possibly be expected to flow out against the pressure of 
an ignited fuel-air mixture. . . ‘‘upon ignition.” 

The performance figures given for the many commercial en- 
gines in all the various fields give a good idea of power sizes 
offered but only in a few instances is the specific output (B.M.E.P) 
given. Since the authors more or less take the position of ex- 
ponents of the ‘‘open chamber’”’ type of engine, it would be almost 
expected that B.M.E.P. ratings be somewhat exploited as they 
proceed with the description and characteristics of production 
line engines and so support the claims for advantage in open- 
chamber design. 

It is hoped that later editions of the book may include the 
“tractor” application of oil engines which surely offers material 
for a good round chapter. 

Divergence from the exact subject sufficiently to take in the 
Hesselman type engine, a well-chosen parenthesis because of 
the wide use which this type has found, is testimony to that 
sort of research which finds a good workable compromise during 
a trend toward radical change. This engine will, no doubt, al- 
ways be looked back to as “filling a gap” which permitted many 
operators the advantage of low priced fuel oil while it was still 
so priced without investing in the earlier and costlier ‘‘full 
Diesel” engine. 

All told the present new edition of ‘‘The Modern Diesel’’ is 
to be recommended as good reading for any mechanically in- 
clined person, engineer or layman, since it presents a compre- 
hensive picture of the types of these engines which are being 
used in the smaller sizes for various purposes. 

The book may well have a somewhat de-bunking effect on that 
part of the reading public interested in the subject, for without 
a doubt the Diesel has been more loudly than accurately pub- 
licized during the past three or four years. 

The subject is discussed honestly and explicity in ail its aspects 
and it is splendidly presented and well illustrated by both photo- 
plate and the admirable line drawing perspective. 

W. L. WEEKS 
Wright Aeronautical Corporation 
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Laminar Frictional Resistance with 
Pressure Gradient 


E. A. WRIGHT anp G. W. BAILEY 
United States Navy 


HE increasing importance of an extended laminar 

flow region in reducing the total frictional drag of a 
body has stimulated investigation of the effect of various 
influences, including the pressure (velocity) gradient 
outside of the boundary layer. In addition to altering 
the Reynolds Number of transition, pressure gradient 
has considerable influence on the coefficient of local 
friction, for the calculation of which a simple method is 
highly desirable. 

For the purpose of conducting a fundamental in- 
vestigation of the effect of pressure gradient, a boundary 
layer research tunnel, sponsored by the National Ad- 
visory Committee for Aeronautics, was constructed at 
the Massachusetts Institute of Technology. Test data 
from this tunnel for zero pressure gradient (constant 
potential velocity) have been discussed recently by 
Peters.! 


THEORETICAL TREATMENT 


von Karman’s momentum theorem of the boundary 
layer? states that the friction between a fluid and a 
solid is accompanied by an equivalent change of mo- 
mentum carried by the fluid. For the boundary layer 
with pressure gradient, the equation takes the form 


id 
U dx 0 


6 


— — u?dy = 


dx Jo 


x = distance from the leading edge, measured along 
the surface 

y = distance normal to the surface 

= velocity in x direction at any point outside of the 

boundary layer 

u = velocity in x direction at any point inside of the 
boundary layer : 

6 = thickness of the boundary layer; as u — U, 
y=6 

tT) = shearing stress at y = 0 

p = mass density of the fluid. 


The static pressure P varies with x and equals the pres- 
sure of the potential flow outside of the boundary layer, 
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so that pressure and velocity gradients are associated 
by the relation 


dx 2 dx dx 


Employing this relation and letting 


3 
‘* = J (1 — u/U)dy, Eq. (1) reduces to 
0 


= + 20(2 + (6*/6)) (2) 
where 
cy = coefficient of local friction 
@ = momentum thickness 
* 


Il 


6 displacement thickness. 

From Eq. (2), it is apparent that the coefficient of local 
friction c, is fully determined by the variables 6, 6*, and 
U. The velocity of the potential flow U is calculated 
from the static pressure gradient. The parameters @ 
and 6* depend entirely upon the velocity distribution 
inside of the boundary layer. 

Pohlhausen has developed equations for the velocity 
distribution in the laminar boundary layer by an ap- 
proximate solution of Prandtl’s differential equations. 
Exact solutions of Pohlhausen’s equations for the par- 
ticular case U = kx” have been obtained by Falkner 
and Skan. According to Dryden,* who has thoroughly 
reviewed the theoretical treatment, the exact solutions 
compare satisfactorily with experimental data only for 


r 


negative pressure gradients where \ = — z is less than 


10. To determine the parameters of von Karman’s 
momentum equation, the solutions for the velocity dis- 
tribution have been integrated to give 


| 
Sle 
S| 
t > 


0 
°\ 315 945 9072 
3/10 — d/120 


EXPERIMENTAL METHODS 


The boundary layer research tunnel is of the pressure 
type with open room return. Fine wire screens, a 
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| dP T0 
(1) 
pU? dx pU? 
where 
3/7/3815 — 4/945 — A*/9072 
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honeycomb, and a sharply converging section serve to 
smooth the flow so that the air entering the test section 
has a uniform velocity distribution and not greater than 
0.5 percent fluctuation. A slot at the leading edge of 
the polished steel test plate is adjusted to produce stag- 
nation at this point. By positioning an adjustable 
back opposite the test plate, various pressure gradients 
are obtained. Fig. | illustrates the arrangements of the 
back for the two parabolic pressure gradients employed 
in these experiments: 


— P, 


Positive gradient ———— = + 0.0634 [Vx — 3.23] 
p/2U,? 
P— 
Negative gradient ———— = —0.0605 [\/x — 2.68] 
where 
x = distance from leading edge in inches 
P — P, = static pressure difference between test 
station and station 1 
'/apUo? = dynamic pressure in the free stream at 
leading edge. 
T 


Posi tive Pressure 


x 

| 

za 

| | 

zz | 

3 

Fic. 1. 


Velocity measurements within the boundary layer are 
obtained by means of a small goose-neck pitot tube in 
conjunction with a traversing mechanism which meas- 
ures to 0.01 mm. Velocity profiles, samples of which 
are indicated in Figs. 2 through 5, were determined at 
selected stations along the test plate for each of three 
basic velocities Uo, namely: 37.8, 59.8, and 85.0 ft. per 
sec. Graphical integration of the various velocity 
profiles furnished the values of the experimental pa- 
rameters and 6*. 


DISCUSSION OF RESULTS 


While investigating separately the variables in Eq. 
(2), it was observed that, with pressure gradient, 20/x 
was a function of the local Reynolds Number Ux/v. 
Further investigation disclosed that 26/x was a unique 
function of Ux/v for nine experimental conditions: A 
positive, a zero, and a negative pressure gradient, each 
with three basic velocities. Blasius has derived theo- 
retically an expression for the coefficient of total friction 
for zero pressure gradient, 
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c, 1.328 
VU 
Replacing C; by its equivalent 20/x and plotting against 
1/+-/ Ux/v (where U = U, for zero pressure gradient), 


the Blasius equation appears as the straight line of Fig. 
6. The corresponding values for the experimental 
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pressure gradients are observed to follow closely the 
Blasius line for zero pressure gradient. The experi- 
mental values for zero pressure gradient were defined by 
the Blasius equation, except for a slight rise where the 
positive pressure gradient points also tended to be 
above the line. The conclusion reached from a study 
of the experimental evidence of Fig. 6 is that, for the 
range of pressure gradients employed, 


20 «1.328 (7) 
~ 


The ratio of displacement thickness to momentum 
thickness, 6*/@, was found to be approximately inde- 
pendent of the local Reynolds Number. Experimental 
values of 6*/@ are plotted in Fig. 7, except zero pressure 
gradient for which the average value was 2.38. Fig. 7 
indicates that the ratio 6*/@ varies with pressure gradi- 
ent. However, the ratio appears only in the term (2 + 
6*/@) in Eq. (2) and, for engineering purposes, may be 
taken as a constant for all pressure gradients. A suit- 
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able choice for the value of 6*/@ is 2.59, the Blasius 
theoretical value for zero pressure gradient. 

All variables are now in the form for a general solution 
of von Kaérman’s momentum equation. It was con- 
cluded from Fig. 6 that the momentum thickness may 
be expressed by 

0.664% 
(8) 
V Ux/v 
in which both x and U are variable for the same fluid. 
Differentiating Eq. (8) with respect to x, 
0.832, x dU 
dx ~WUx/yv U dx (9) 
Employing Eq. (9) and assuming that 6*/@ = 2.59, 
Eq. (2) becomes 


0664 
* 


The Pohlhausen approximate solution may be used to 
investigate the experimental conclusions. The theo- 
retical expression for 6*/@, Eq. (5), indicates that this 
ratio varies with pressure gradient, as observed experi- 
mentally in Fig. 7. However, for the limiting condition 
when J is equal to 10, the variation in 6*/@ from the zero 
pressure gradient value of 2.55 is only 10.6 percent, 
which has a comparatively negligible effect on the pre- 
cision of the coefficient of local friction. Moreover, 
Eq. (8) states that, at a particular distance x from the 
leading edge, @ depends only upon the local Reynolds 
Number and is independent of the local pressure (veloc- 
ity) gradient. However, Eq. (4) indicates that 6 de- 
pends upon both 6 and X, but fortunately the variation 
is small. For example, with the experimental condi- 
tions of Fig. 5 and 6 = 5.5 at u/U = 0.998, the value of 
6 by Eq. (4) is the same as that obtained from Eq. (8). 

In regard to the extent of the laminar region, these 
experiments indicated that a positive pressure gradient 
accelerates the occurrence of transition and reduces the 
range between laminar and turbulent flow, whereas a 
negative pressure gradient delays the transition and in- 
creases the range. The approximate ranges of transi- 
tion in the tunnel with approximately 0.2 percent turbu- 
lence in the undisturbed flow outside the boundary 
layer, were as follows: 
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700,000 to 1,000,000 
2,000,000 to 3,000,000 
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Positive pressure gradient 
Zero pressure gradient 
Negative pressure gradient 


THE AERONAUTICAL SCIENCES 


This effect on point and range of transition is clearly 
indicated by the curves of root mean square fluctuation 
(obtained by hot wire anemometer) for constant values 
of y/@, shown in Fig. 8. In general, the percent fluctua- 
tion near the plate increases before transition velocity 
profiles are observed. 
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CONCLUSIONS 
The equation 
0.664 14+ 818 x dU 
c= 
VUx/v U dx 


provides a direct method of including the effect of pres- 
sure gradient in the calculation of the coefficient of local 
friction in the laminar boundary layer. A study of the 
experimental results and of Pohlhausen’s approximate 
solution for the velocity distribution indicates that, al- 
though simplifications have been introduced, the equa- 
tion is sufficiently accurate for engineering purposes. 
In defining the extent of the laminar boundary layer, 
the effect of pressure gradient on the point and range of 
transition must be considered. 
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Book Review 


Practical Mathematics of Aviation, by A. E. Downer; Pitman 
Publishing Corporation, New York, 1939; .107 pages, $1.00. 

Starting with a review of arithmetic, this book takes up, in 
succession, simple algebraic equations, graphs, ratio, proportion 
and percentage, the right triangle, and a few of the more simple 


applications in mechanics. A large number of problems and ques- 
tions are given. These are for the most part of an aeronautical 
nature. The text and problems are adaptable to a high school 
or aviation school course in mathematics and the book should 
serve admirably as a text for such a course. 
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Airplane Demagnetization and Neutralization 


JOHN G. LEE 
United Aircraft Corporation 


ABSTRACT 

The causes of airplane magnetization are discussed together 
with means for eliminating or correcting them. Emphasis is 
placed on the limitations of the conventional methods of de- 
magnetization and on the advantages of neutralization of large 
and awkward structures. A description of the neutralization 
method is given. Data are presented illustrating the permanent 
effects obtained by the neutralization method. 


INTRODUCTION 


HE aeronautical engineer is occasionally confronted 

with an airplane, or major part thereof, which has 
become so strongly magnetized that the compass devia- 
tion exceeds the usual 12° limit. Despite the trend 
toward aluminum alloy construction, large masses of 
steel are employed in engines, engine mounts, arma- 
ment, and accessories, and the steel tube fuselage is 
still in general use in the smaller airplanes. These 
steel parts are frequently subjected to magnetic inspec- 
tion in the process of their manufacture. If they are 
not completely demagnetized before being incorporated 
in the airplane, violent compass deviations are likely to 
ensue. 

If a magnetized airplane is found to be free from stray 
electric currents and is fitted with a compass of known 
accuracy, and if a preliminary investigation fails to dis- 
close any easily removable magnetized object, a general 
magnetic survey of the airplane is in order. Since the 
average aeronautical engineer seldom specializes in 
magnetic phenomena, the following notes may be of 
value before beginning the survey. 


Definition of a North Pole 


As it is known that like poles repel and unlike poles 
attract, the ‘‘North,’’ or properly ‘‘North-seeking,”’ 
pole of the compass and the earth’s ‘‘North magnetic 
pole,’’ which attract each other, must actually be of 
opposite polarity. This inconsistency can be clarified 
if it is remembered that the North-seeking end of a com- 
pass needle (usually colored blue) always points to a 
South pole, and that the earth’s ‘North magnetic pole,” 
which is located near the North geographic pole, is 
actually a ‘‘South”’ pole. 


Induced Magnetic Effects 


All steel members tend to pick up induced magnetism 
from the earth’s magnetic field, and hence affect a 
compass. Thus a steel tube lying north and south will 
appear to have a ‘“‘North”’ at the northerly end. If the 
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tube is turned end for end, the ‘‘North”’ should still be at 
the northerly end, 7.e., the polarity of the tube will have 
been reversed. This indicates that the tube is not 
magnetized in itself, but is merely exhibiting induced 
magnetism from the earth's field. If, however, turning 
the tube end for end should move the ‘‘North”’ pole to 
the southerly end, or should greatly modify its strength, 
then the tube itself is magnetized. 

The earth’s magnetic field has a vertical component, 
varying from zero near the equator to a maximum near 
the poles. In most parts of the United States this 
component is actually stronger than the horizontal 
Hence, all vertical members of appreciable 
Turning 


component. 
length tend to show a ‘“‘South”’ pole on top. 
the member end for end still gives a south on top, unless 
the member itself is magnetized. 


Strength of a Pole 


The strength of a unit magnetic pole is usually de- 
fined by saying that if two unit poles are placed one 
centimeter apart, the force between them is one dyne. 
Also, the strength, or intensity of a magnetic field is 
usually defined as the force, in dynes, which would act 
on a unit pole if it were placed in the field, and is ex- 
pressed in gausses. Unfortunately both these defini- 
tions are inconvenient for the airplane designer. They 
require the use of an instrument actually calibrated in 
absolute magnetic units, or at least a ‘‘standard’”’ 
magnet of some type. 

A much more convenient, although admittedly less 
scientific, method is to determine the comparative 
strength of a magnetic pole in relation to the local 
strength of the earth's field. This may be done by 
holding a small pocket compass near the pole to be in- 
vestigated, and gradually moving it away. As the 
compass moves away from the pole, there comes a 
point, for example, six inches from the pole, where the 
field of the pole is*exactly equal and opposite to the 
earth’s field. At this point the compass tends to point 
east and west, or lacks all directive tendency. The 
distance from the pole to this point is a measure of the 
strength of the pole compared with the strength of the 
earth’s field, and the pole may be described as ‘‘having a 
strength of six inches.’’ Note that the compass should 
be held on the south side of a north pole and on the 
north side of a south pole. Also, since magnetic force 
varies with the square of the distance from the pole, a 
pole of ‘six inches strength’’ is four times as powerful as 
a pole of ‘three inches strength.’ 

If at some later date it is desired to determine the 
absolute field intensities of the poles it will be only 
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necessary to determine the strength of the earth’s field 
or, rather, its horizontal component at the place where 
the measurements were made. For the great majority 
of cases it is not necessary to know the absolute field 
intensities. 


MAGNETIC SURVEY OF AN AIRPLANE 


A systematic exploration of an airplane may be un- 
dertaken with a small pocket compass. This can be 
done inside a building, provided the airplane is not too 
near steel structure. The airplane may be complete or 
in skeleton form only, for cloth covering and aluminum 
alloy sheet are non-magnetic and do not act as ‘‘shields.”’ 
It is advisable to have the axis of the principal steel 
members of the airplane on an east and west headiug to 
reduce the earth’s induced effect in the long members. 

In the event that the magnetized object is part of the 
built-in structure, and not removable, a record should 
be made of pole strengths at all points adjacent to the 
compass. It can be shown that all poles of ‘‘5 inches 
strength,’’ or less, at a distance of 36 inches from the 
compass, or more, will give less than 1° deviation and 
can therefore be neglected. In steel tube fuselages it 
will often be found that one end of a magnetized tube is 
close enough to a compass to affect the reading, while 
the opposite end, which is equally strong, is far enough 
away to be neglected. Another frequent occurrence is 
that two or more tubes will have their common poles 
meeting in a joint, while their opposite poles will be 
separated, thus producing, for example, a single strong 
north, and several weaker souths, as in Fig. 1, where the 
compass at A is strongly affected by the south at the top 
of pyramid B in which several magnetic members meet, 
while the opposite ends of these same members are too 
far from the compass to give any compensating effect. 


On the other hand, the larger pyramid at C, when 
equally strongly magnetized, is too far from the com- 
pass to cause difficulty. 

Having determined the source of the magnetic dis- 
turbance, the question arises whether to eliminate the 
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difficulty by demagnetization or by neutralization. 
Generally speaking, compact units, or long slender 
parts can best be demagnetized. Complex structures 
of large dimensions or awkward shape can best be 
neutralized, for the reason that their size makes them 
subject to appreciable induced magnetism from the 
vertical component of the earth’s field, and any attempt 
to demagnetize them only serves to make permanent 
this induced magnetism. Likewise, it has not been 
found practical to demagnetize a small integral part of a 
large unit. Such parts must be neutralized. 


DEMAGNETIZATION 


Demagnetization by means of an alternating electric 
current is a familiar process. It consists of passing an 
alternating magnetic flux through the piece, gradually 
reducing the intensity to zero. With each “‘wash’’ of 
the flux through the piece, the polarity is reversed, the 
strength of that polarity depending upon the strength 
of the alternating flux. As the flux gets weaker with 
each alternation, the polarity weakens until finally the 
piece becomes entirely demagnetized. 

The most convenient alternating magnetic flux is 
that produced with a hollow coil carrying an alternating 
current of constant amplitude. The piece is passed 
through the coil and removed to a considerable distance 
before the current is turned off. This results in a 
gradually diminishing magnetic flux as the piece leaves 
the influence of the coil. At 60 cycles a second, the 
piece can be passed through with considerable rapidity. 
The piece should be checked with a pocket compass 
after it has passed through. It may require a second 
pass. 

The size of coil depends upon the size of the work and 
the permeability of the material. One successful coil 
used for demagnetizing tubing consists of an oval tube 
of sheet aluminum 4'/, by 6*/, inches and 30 inches long, 
surrounded by 180 turns of No. 6 insulated wire, carry- 
ing 30 amperes with 110 volts a.c. impressed upon it. 
This coil will handle 1!/. X 0.095 chrome-molybdenum 
steel tubing with fittings welded on, in lengths up to 20 
feet or more. It should be remembered that the larger 
the coil opening, the greater must be the number of 
ampere turns in the coil to produce the same strength of 
magnetic flux. 

When handling long or heavy pieces, the axis of the 
coil should always be placed in an east-and-west direc- 
tion. Otherwise, the earth’s field will add to the flux of 
the coil, increasing it in one direction, and decreasing it 
in the other, with the final result that a piece passing 
through it will become magnetized instead of demag- 
netized. Similarly when checking a long or heavy 
piece with a pocket compass, the axis should always be 
east-and-west. 

Another method of producing an alternating mag- 
netic flux is the ‘‘growler,”” which is nothing but an 
alternating current electro-magnet having a smail gap 
in the iron core. This gap is moved gradually over and 
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around all portions of the piece, and slowly withdrawn. 
While the “growler’ will handle certain awkward 
structures, such as engine mounts, better than anything 
else, it is difficult to use, because the magnet tries to 
grip the piece, and once in contract it is almost impossi- 
ble to remove it slowly. The piece must be checked 
subsequently with a pocket compass for local poles, as 
well as general magnetism. 

There is a definite limit to the cross-section which 
may be demagnetized by the alternating current 
method. The vertical component of the earth’s field, 
unlike the horizontal component, cannot be avoided by 
turning the work east-and-west. The vertical compo- 
nent is always present. Thus when the vertical dimen- 
sion of a piece exceeds approximately 30 inches, it can- 
not be demagnetized by ordinary means. An attempt 
to demagnetize a finished airplane having the fuselage 
shown in Fig. 1, is an instructive example. The fuse- 
lage was wound with 1000 feet of No. 6 insulated wire, 
and by means of some very heavy equipment the cur- 
rent was gradually varied from 0 to 200 amperes and 
back to zero. An impressed voltage of 400 volts was 
required, and some 14,000 ampere turns provided. 
Large adjustable transformers were employed to gradu- 
ally reduce the current in the coil. With this powerful 
equipment the original magnetic field of the fuselage 
was destroyed, but a new field was built up by the 
vertical component of the earth’s field, added to the 
alternating field of the current. A south pole was es- 
tablished throughout the upper longeron and the tops 
of the vertical members, with a corresponding north 
pole at the lower longerons. The general intensity was 
at least as great as before treatment. 


NEUTRALIZATION 


The Neutralization Method, which was developed at 
the Chance Vought Aircraft Division of the United 
Aircraft Corporation, from an initial suggestion by 
Prof. A. V. deForest of M.I.T., does not have these 
limitations. It consists of selecting the most powerful 
poles adversely affecting the compass and reducing the 
strength of these poles by means of a direct current coil. 

A piece of unmagnetized steel or iron may be con- 
veniently pictured as being made up of a great number 
of tiny magnetic particles arranged at random, so that 
no net magnetic field is produced. When such a piece 
is subjected to the magnetic field of a coil, many of these 
tiny magnets are brought into alignment, thus making 
the piece a ‘permanent’? magnet. Many more tiny 
particles are partially aligned, in a state of unstable 
equilibrium. These produce an ‘‘impermanent’’ mag- 
netism, which may be lost over a period of time, es- 
pecially if vibration is present. It has been found that 


if the piece is vigorously hammered while the direct 
current is being applied to the coil, a great number of 
these tiny magnets are shaken into stable position, and 
the piece becomes much more strongly magnetized than 


without hammering. However, even this leaves a 
large number in the unstable condition. If the piece is 
subsequently hammered with the current off, the latter 
unstable particles are shaken back into a stable condi- 
tion, which slightly weakens the field. When tested 
with an exploring compass, the first hammer blow will 
be seen to produce the greatest effect. Each subse- 
quent blow produces less, until finally continuous ham- 
mering will produce no further change at all. 

Since each pole is accompanied by a corresponding, 
but opposite pole at the other end of the member, the 
entire member acts as a magnet and must be de- 
magnetized as a unit. If the member is wound as uni- 
formly as practical with a coil of No. 14 insulated wire, 
spaced roughly 1 inch between turns, and the ends of 
the wire connected in series with a variable resistance, 
an ammeter, a reversing switch, and a common 6 volt 
automobile storage battery (Fig. 2), the member can be 
magnetized or demagnetized as desired. Following the 
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Fic. 2. Wiring diagram, neutralization method. 


“right hand rule’ and assuming the current flowing 


‘from negative to positive, if the member is grasped 


with the right hand, the fingers pointing around the 
member in the direction the current flows in the coil, the 
thumb will point in the direction of the South pole (the 
pole which attracts the ‘“‘North-seeking’’ pole of the 
compass). A small initial current passed through the 
coil may be noted on the compass, and its effect checked 
before applying the main current. 

Since the direct current apparatus is portable, it can 
be taken to the compass “‘rose’’ where the airplane is 
being swung. The airplane is put on the heading 
which shows the greatest deviation. The member to be 
demagnetized is wound with wire, and a small current 
applied without removing the regular compass from the 
airplane. With the current on, the member is ham- 
mered vigorously with a mallet. Striking the member 
laterally, near its midpoint is much more effective than 
striking endwise. The mallet should be used with dis- 
cretion, as small steel tubes can be damaged by too 
much enthusiasm. While the member is being ham- 
mered, the compass should be watched, more current 
and hammering being applied until the compass card 
has been brought 5° or 6° beyond the desired reading. 
The hammering should be continued with the current 
off until additional hammering fails to reduce the com- 
pass reading further. 
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Some judgment is necessary in this work. If the 
magnetic disturbance consists of a single tube, as above, 
the problem is simple. If the disturbance is a cluster of 
converging tubes, or a pyramid, it is advisable to wind 
all the tubes at one time, connect them in series, and 
treat them simultaneously. Often it can be seen that 
demagnetizing any given member will not produce the 
desired change. In this case it is convenient to head 
the airplane on one of the cardinal points and partially 
correct the compass on this heading, then swing to a 
point at 90°, and using another member, partially 
correct the compass on that heading, until after several 
steps the desired results are obtained. 

One advantage of the neutralization method is its 
great convenience, and the fact that it does not harm 
the compass in the airplane. With careful use of the 
rheostat, the compass will not show any violent jumps, 
and it may be left in the airplane during the entire pro- 
cedure, with the result that the engineer knows at all 
times just how much correcting he has done. As long as 
the process is used to demagnetize members, it is obvious 
that the local magnetic field in the airplane will be less 
than before. However, the process may also be used to 
magnetize members and produce a new field in opposi- 
tion to the old local field in the airplane. This should 
be avoided, because the building up of opposing local 
fields weakens the directive force of the earth’s mag- 
netic field, and is obviously no better than the excessive 
use of the compensating magnets in the compass base. 
Only when the magnetic disturbance is weak, and is 
made up of many magnetic members, is it advisable to 
carry the neutralization of a single member past the 
zero point to build up an opposing field. 


PERMANENCE OF NEUTRALIZATION TREATMENT 


The subject of permanence is of major importance. 
It raises two questions. Will the corrective ‘‘neutraliza- 
tion’’ of members fade out, or will the original field fade 
out, leaving the correction in the structure? Any 
magnetic arrangement of particles is stable, provided it 
has been subjected to sufficient vibration to cause the 
unstable particles which were ‘‘on the fence’’ to align 
themselves in one direction or another. By the time 
an airplane is built, it has been subjected to much ham- 
mering, which is generally, but not always, sufficient to 
make permanent whatever local magnetic field may 
have been built into it. To make sure, it is not advis- 
able to swing the compass or attempt correction until 
after ground test, which usually involves an hour of 


True heading 360 30 60 90 120 
A (as built) 344 20 60 102 137 
B (neutralized) 359 27 55 85 117 
C (engine on) 358 86 
D (compensated) 1 30 60 90 119 
E (3 months) 1 30 60 91 121 
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TABLE 1 


Typical Effect of Neutralization on Compass 


SCIENCES 


engine operation. Any airplane which has had an 
hour of flying or engine running on the ground has 
usually shaken itself into a state of permanence. The 
applied correction is also permanent, if the members 
were adequately hammered. 

Experience over a three months’ operating period, 
with 16 compasses on which records are available, 
showed a maximum recorded change of approximately 
2.0°. <A typical example is shown in Table 1, for the Fa 
rear compass of a recent two-seater Navy airplane. a 
Line A gives the compass readings on the airplane as | 
first swung on the compass “‘rose.’’ Line B shows the 
changes accomplished by neutralization, which amount 
to 20° maximum. Line C is the same as line B except 
that the engine is running, which shows a maximum 
difference of only 1°. Line D is also with the engine 
running, but the compass has now been compensated 
with its self-contained compensating magnets (6° 
maximum change). Line £ is identical to D except it 
was taken after three months of service use. Note that 
only a 2° change has occurred between E and D. The 
accuracy of the readings is of the order of + 1°. 


PREVENTION OF MAGNETIC EFFECTS 


Magnetic effects on the compass can be avoided by 
demagnetizing all raw material going into the airplane 
and by a systematic check with a pocket compass of all 
finished assemblies. In the detail design of the airplane 
care must be taken that all electric wires be enclosed in 
metal conduits, those near the compass being composed 
of twisted pairs, and that large masses of steel, or long 
steel members be kept as far from the compass as is 
practical. 

When magnetic material is once in a factory, it is 
quite difficult to trace, because nearly all airplane jigs 
and storage bins are large enough to have strong in- 
duced effects from the earth’s field, some of which have 
become permanent due to continued hammering in the 
course of manufacture of the airplanes. However, a 
survey can be made of fabricated parts, carefully check- 
ing the strength of their poles at each stage of manu- 
facture. 

Such a survey at the Vought plant led to the dis- 
covery that trouble lay in the fuselage department and 
the stock room. A considerable quantity of magnet- 
ized tubing was on hand, whose presence was at first 
overlooked because the tubing bins lay directly north 
and south, and hence all the tubing exhibited a strong 
induced field. The tubing was actually magnetized, as 
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could be shown by removing it from the racks and 
placing it east-and-west. When this tubing was cut, 
and the ends machined, the vibration thus produced 
appeared to make it even more strongly magnetic than 
before. Subsequent welding had no further effect upon 
it. Demagnetization of the tubing remedied this diffi- 
culty. 

The elimination of induced magnetism from a com- 
plicated structure is not easy, but can be accomplished 
in various ways. In Fig. 1, for example, the chrome- 
molybdenum tubular pyramid at B, which was about 4 
inches from the compass, was replaced by a stain- 
less steel pyramid (18-8) which is ordinarily non- 
magnetic. Taking a group of 12 airplanes, as originally 
built, the maximum compass error averaged 22.7°. 
Replacing the pyramid B with stainless steel, and thor- 
oughly demagnetizing the fuselage tubing resulted in an 
average for 12 subsequent airplanes of only 7.5°, the 
improvement in this instance being due largely to the 
elimination of induced magnetism at B. Generally 
speaking, the only cure for induced magnetic effects 
near the compass is to replace the steel member with a 
non-magnetic one—brass or aluminum alloy preferred. 
IS-S stainless steel is usually non-magnetic, although 
instances are recorded of its being magnetized, de- 
pendent upon the amount of cold working. It can be 
welded to chrome-molybdenum structure sufficiently 
well to take non-structural loads. 

The question of how close a steel member may be to 
the compass without producing excessive disturbance is 
usually answered by the blanket rule of 24 inches. 


This is too rough a rule, for it implies that the thousand 
odd pounds of steel in the engine, located 25 inches 
from the compass is acceptable, while a single machine 
screw 23 inches from the compass is not acceptable. 
Actually, the strength of a pole induced by the earth's 
own field depends upon the mass of the member, its 
length, and its magnetic properties. Experience with 
chrome-molybdenum steel tubing has failed to show any 
instance where the induced field from a single tube ex- 
ceeded a ‘‘strength of | inch,’’ even up to sizes of 1'/2 X 
0.095 inches, and 10 feet long, lying due north and 
south. 

The author suggests a handy rule of thumb for the 
location of steel parts near the compass as follows: 
“The length of any steel object within 3 feet of the 
compass shall be at least 10 inches shorter than its 
nearest distance to the compass.” 

This rule will appeal to designers since it permits 
screws, nuts, and other small objects to be as close as 10 
inches to the compass, while the larger objects are kept 
at a reasonable distance. It is more logical than the 
arbitrary 24-inch rule now in vogue. In fact, a detail 
study of the proposed rule shows that steel members 
may be magnetized up to a “‘strength of 3.5 inches,”’ 
(which should never occur of any care is taken with the 
demagnetization if detail parts) without causing a com- 
pass error of over 1°. Magnetic strengths of this 
amount, if present, can be easily detected with a pocket 
compass, and their cause eliminated. The induced 
effects from the earth’s field upon steel pieces of these 
lengths and at these distances is practically nil. 


Book Reviews 


Diesel Hand Book, by JuL1us RossL_oom; Diesel Engineer- 
ing Institute, Jersey City, New Jersey, sixth edition, 1939; 
719 pages. 

This book appears to be a desirable reference work for Diesel 
operating engineers. It was written to supply the man of limited 
experience with the knowledge necessary for successful operation 
of the modern Diesel engines. The language is simple and easily 
understood. Lists of questions are provided after each section 
to test the reader’s absorption of the text. In some cases the 
author, in an effort to clarify, has subdivided his statements too 
much, thus defeating his purpose. Chapters covering the 
“Theories and Principles’’ of the oil engine, ‘‘Fuels,’’ ‘‘Metals,”’ 
“Atomization Systems,’’ ‘‘Engine Types,’’ ‘‘Turbo Blowers,” 
and ‘Marine Practice,’’ represent only a portion of the work. 
In typical Diesel engineer fashion, the author refers to the Diesel 
as the ‘“‘Aviation engine of the future,’’ a statement which is at 
least open to some doubt. 

FRANCIS J. WtEGAND 
Wright Aeronautical Corporation 


Elementi di Aerodinamica e di Dinamica del Volo, Volume II, 
by Grutio C. Costranzi; Editoriale Aeronautica, Rome, 1939; 
344 pages. 

This book, published in Italian, covers thoroughly the field of 
mathematical physics necessary for a complete understanding of 


aerodynamic theory, which is treated in detail and is the real 
object of this publication. 

The first part covers dimensions, kinematics of fluids, and hy- 
drodynamics. The second part is devoted to the principles and 
examples of Vectorial Calculus. 


The Art of Soaring Flight, by Wotr Hrrru, translated from 
the German by Naom1 HERON-MAXWELL; Stuttgarter Vereins- 
buchdruckerei A.G., Stuttgart, Germany, 1938; 190 pages. 

In recent years the art of soaring flight has depended more and 
more on the utilization of thermal currents. The possibilities of 
this sport and the skill required have multiplied accordingly 
The author of this book has purposely refrained from dwelling 
at length on the mechanics and meteorology of flight but has de- 
voted many pages to experiences of his own and others. These 
are especially chosen to illustrate the principles of soaring flight. 

Such important phases as storm riding, thermal soaring, cloud 
flying, and aerobatics are described fully. In addition there are 
excellent descriptions of soaring in Germany, England, and the 
United States. The experiences, in their own words, of some of the 
leading soaring pilots in the world will be of particular interest 

The book will stimulate a greater interest in soaring and gliding 
and give those who are familiar with the rudiments of the art just 
the advanced instruction they need to make better, longer, and 


higher flights. 
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The University of Washington’s New 250 
m.p.h. 8 X 12 Foot Wind Tunnel 


FREDERICK K. KIRSTEN ano FRED S. EASTMAN 
Unwersity of Washington 


INTRODUCTION 


URING the early months of 1939, a thirteen month 
period of preliminary operation of the new wind 
tunnel at the University of Washington gave way to a 
steady program of tests. The preliminary period has 
demonstrated the practicability of several unusual 
features of this aeronautical laboratory, some of which 
add greatly to its operating efficiency. 


WIND TUNNEL AND POWER SYSTEM 


The tunnel building is a rectangular block 120 feet 
long, 65 feet wide, and 32 feet high. The tunnel proper 
is built of reinforced concrete throughout and consti- 
tutes the second story of the building, leaving ample 
space for office, computing rooms, research rooms, 
store room, battery room, and machine rooms on the 
ground floor. The tunnel is of Venturi closed throat, 
double return type, the flow chambers being arranged 
on a horizontal plane (see Fig. 1). The air stream is 
guided around the eight rectangular corners by de- 
flector vanes which serve the double purpose of main- 
taining parallel flow throughout the air circuit and of 
cooling the air stream by virtue of the circulating water 
which they contain in their hollow structure. The 
breathing slot for the tunnel is located at the down- 
stream end of the test chamber. Consequently, all 
other parts of the air circuit operate under more than 
atmospheric pressure. 

Two propellers are used, one in each of the two re- 
turn ducts. Each propeller is driven by a 500 hp. 
direct current motor capable of delivering 750 hp. for 
one hour. These motors are mounted outside the air 
stream as shown in Fig. 1 and drive the propellers 
through spiral-bevel gears located in the housing back 
of the propellers. Thus the heat losses from the 
motors are kept out of the air stream and the housing 
is smaller than would be necessary to enclose the 
motor. A further advantage accrues to this design in- 
asmuch as a second vertical motor can be added to the 
same gear train, driving the propeller through a second 
shaft leaving the housing through the vertical stream- 
line support. Thus provisions have been made to 
double the horsepower input into the propellers, making 
it possible to increase the tunnel air speed to 320 m.p.h. 
in the future. 

Power is delivered to the wind-tunnel building in 
Presented at the West Coast Annual Meeting, I.Ae.S., 
Pasadena, California, June 16, 1939. 


alternating current form, but, to provide maximum 
selectivity of speed, it is changed to direct current by 
a motor generator set supplying variable voltage to the 
motors. The generator is designed to operate at the 
maximum voltage of 600, whereas the drive motors for 
the propellers are designed for 300 volts, the two 
motors being arranged to operate in series connection. 
This type of circuit guarantees that both motors carry 
exactly the same current under all conditions of opera- 
tion, and by the proper adjustments of the field reo- 
stats of the two machines, the power output of the two 
at all speeds can be almost exactly equalized. To fur- 
ther guarantee the proper sharing of the load by the two 
motors, and in order to preclude the possibility of the 
hunting of the two parallel air circuits, the two motors 
are tied together mechanically through a belt driven 
counter shaft passing beneath the center chamber of 
the tunnel. 

The two propellers are designed left and right handed 
in order to provide for symmetry of flow of both air cir- 
cuits. Their position in the flow chamber was chosen 
so that with an assumed slip of 35 percent the pitch ratio 
would be in the range which yields maximum efficiency. 
The position of the propeller system, as shown on the 
drawing, has a further advantage of interposing be- 
tween the model and the propellers two sets of deflector 
vanes which serve as protection for the propellers in 
case of the breaking of the model or in case of other 
accidents. 

The propeller is seven bladed and has a diameter of 
fourteen feet nine inches. The odd number of blades 
was chosen because the number of housing supports 
had to be four to provide for the addition of a future 
vertical motor. Thus the housing strut interference 
with the slip stream of the blade only affects one blade 
at a time and results in a steadier flow with less noise and 
reduced severity of vibration. The disadvantage of 
such a setup is the fact that if one blade is damaged the 
whole propeller is out of action until the blade is re- 
placed. With an even number of blades it is usually 
possible to carry on operations with one-half or one- 
quarter the number of blades of the full set. Since the 
propeller blades throughout their length from the base 
to the tip operate at low angles of attack, a high maxi- 
mum lift coefficient is of no importance, and, therefore, 
a blade contour of symmetrical form was chosen so as 
to make use of its minimum drag characteristics. The 
pitch ratio varies from .8 at the tip to .9 at the hub in 
which the blade shanks are adjustably mounted for 
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pitch ratio changes. The blades are made of black 
walnut of specially selected stock and were carved and 
finished in the shops at the University of Washington. 
The final choice of general design features was 
strongly influenced by the limited funds. Factors en- 


tering into the choice of the double return were the sim- 
plification of the form work, the double use of the same 
wind-channel forms, the smaller dimensions of the 
walls, and the saving residing in the duplication of de- 
sign and size of deflector vanes and the accessibility 


rectangular section in preference to circular section 
again is explained on the basis of minimum cost re- 
quirements. 


OPERATING CHARACTERISTICS 


The energy ratio based on power input to the motors 
was 6.5, based on a power reading of 970 kw. at 241 
m.p.h., before the installation of a protective screen in 
front of the propellers. Measurements with the 
screen in place show a reduction to 6.2. This figure 
was obtained at 229 m.p.h., because of uncertainty re- 
garding the strength of the trial screen installation. 
Using manufacturer’s figures for motor efficiency, the 
corresponding energy ratios based on power input to 
the propellers are 6.95 and 6.65. This high value may 
be attributed to the unusually long expansion tube 
before reaching the first set of vanes, and to the spe- 
cially designed propellers. 

Water cooling is often unnecessary during the winter 
months. A temperature rise of about 25°F. may be 
expected during a normal testing program at air speeds 
approaching 200 m.p.h., but higher speed and un- 
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usually long periods of operation may necessitate the 
use of water cooling regardless of outside temperature. 

When first measured, the velocity distribution 
showed less than one half of one percent variation up 
to within two inches from the walls. This uniformity 
may have been caused by violent mixing of the air 
stream, because after adjusting the vanes to obtain 
minimum inclination of flow throughout the test sec- 
tion, velocity variations of about one percent were ob- 
served, the highest values occurring in the center of the 
channel. Additional adjustments are being carried on 
between tests, with a view toward further improving the 
airflow. 

A thorough turbulence investigation has been post- 
poned pending final adjustment of the air stream. 
However, the rather inadequate data already available 
indicates a turbulence factor, as defined in N.A.C.A. 
Technical Report No. 558, of 1.2 using an 8'/. inch 


sphere. 
MODEL SUSPENSION AND BALANCE SYSTEM 


An important influence in the development of the 
special model mounting and weighing system was the 
desire to provide for rapid interchange of models so that 
two or more testing programs could be carried on al- 
ternately without serious loss of time resulting from 
the necessity of mounting and dismounting models. 
A major requirement was that it must be possible to 
rotate the model about a yawing as well as a pitching 
axis, and to simultaneously measure all six components 
of the air load, the dynamic pressure, and the angular 
position of the model about both axes. In addition it 
was desired that the system be able to record transient 
conditions such as the sudden changes which take place 
at stalling angles, and the changes in aerodynamic 
characteristics when the model is rotated rapidly. 

The model is attached by means of a three pronged 
fork as seen in Fig. 2. The rear prong is forced up and 
down to adjust the angle of attack of the model which 
rotates about bearings at the top of the two front 
prongs. These bearings are normally imbedded in the 
wing of the model as shown in the photograph. Since 


Fic. 2. 


friction in these bearings does not influence balance 
readings ball bearings are unnecessary, thus reducing 
the size of the mounting holes, which must be cut out of 
the model. The simplicity of this attachment enables 
one man to change models in a few minutes. The 
model can be detached from the fork, or the fork itself 
may be detached if a different one is to be used on the 
next model. 

To provide rotation of the model about a yawing axis 
as well as a pitching axis, the two front prongs of the 
mounting fork are solidly attached to a hollow vertical 
shaft which extends down through the tunnel floor to a 
hydraulic control system shown schematically in Fig. 
3. Oil under pressures up to 1000 Ib. per sq.in. is 
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used to actuate the pair of horizontal cylinders which 
turn the model in yaw, and the vertical cylinder which 
drives the rear prong of the fork causing the model to 
pitch. Two four-way valves are used to control the 
direction of the flow of oil to the cylinders. In their 
neutral position these valves stop the flow of oil so that 
the model is held fixed until the valves are open one way 
or the other. Speed of rotation of the model can be 
controlled between limits of about one-tenth of a de- 
gree per second to more than 30 degrees per second by 
means of speed control valves which control the rate 
of flow of oil from the cylinders. 

Except for the control valves and pump, the entire 
mechanism for turning the model is suspended on a 
system of flexure pivots* arranged to separate the six 
components of the air load. The pipes leading to the 
pitch and yaw control cylinders are arranged in such a 
way that they can transmit no noticeable reactions into 
the sensitive model suspension system. Fig. 4 is a 


* Eastman, F.S., The Design of Flexure Pivots, Journal Aero- 
nautical Sciences, Vol. 5, No. 1, pages 16-21, November, 1937. 
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diagramatic sketch showing how the six components of 
the air load are separated. The three moment com- 
ponents are transmitted from the model to the meas- 


TRIPOD PIVOTS, 


DRAG AND SIDE 
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uring devices through the inside tube, which will be 
called the moment tube. The moment tube fits around 
the yaw control tube shown in Fig. 3, but does not 
turn with it. The tripod pivot near the top of the sus- 
pension system provides frictionless ball and socket 
action between the moment tube and the drag tube 
which surrounds it, leaving ample clearance for slight 
movement in any direction. If the drag tube is held 
fixed and the lower end of the moment tube is translated 
slightly in a horizontal plane, it will rotate about a 
point at the intersection of the prolonged axes of the 
three rods of the tripod pivot. This point will be called 
the moment center and is located at the intersection 
of the pitching and yawing axes. It will be seen that 
any tendency for the suspended system to rotate about 
the pitching axis will be counteracted by the pitch 
rod attached to the bottom of the moment tube. This 
rod has flexure pivots at its ends which enable it to 
resist a pitching moment but to yield readily to a rolling 
moment. Similarly the rolling moment is resisted by 
the roll rod which yields readily to a pitching moment. 
The yawing moment is resisted by a couple provided 
by the yaw rod and the roll rod. The lift force is also 
transmitted to the bottom of the moment tube where 
it is resisted by two vertical lift rods, one on each side of 
the moment tube. In this way the bottom of the mo- 
ment tube is kept from moving forward by the mo- 
ment rod; from moving sideways by the roll rod; 
from moving vertically by the lift rods; and from ro- 
tating by the yaw and roll rods. Each rod allows 


freedom in all directions except the one in which it is 
intended to act. 


Drag and cross-wind forces applied at the moment 
center produce no tendency to rotate the moment tube, 
but they do tend to rotate the drag tube about its main 
fulcrum attached to the top of a streamlined cast-iron 
strut extending part way up into the test section. This 
fulcrum is a combination of flexure pivots which act 
like a universal joint preventing the drag tube from 
rotating about its own axis but allowing it to pivot 
freely about any axis lying in a horizontal plane passing 
through the main drag fulcrum. The fulcrum also 
provides freedom of movement in a vertical direction 
so that lift reaction cannot be applied by the drag tube 
instead of the moment tube. The drag rod and the 
cross-wind rod (marked side load rod in the sketch) 
react against the bottom of the drag tube, separating 
these components in the same manner in which the pitch 
and roll rods separate the pitching and rolling moments. 
Drag and cross-wind forces applied above and below 
the moment center introduce rolling and pitching 
moments which are separated by the roll and pitch 
rods as described above, but the reaction on the pitch 
rod adds to the load on the drag rod and the reaction on 
the roll rod adds to the load on the cross-wind rod. To 
prevent this interaction mechanically, it would have 
been necessary to further complicate the construction, 
resulting in reduced rigidity of the suspension system, 
and reduced natural period of the overall measuring 
system. A similar interaction occurs in the reaction 
on the roll rod because it is influenced by yawing mo- 
ment. Compensation for these interactions is made 
automatically and instantaneously by means of special 
electromagnetic balances which measure the force re- 
quired to balance each component of the air load. 

The forces required to balance the suspension system 
are reduced by levers seen in Fig. 4, to suit the capacity 
of the measuring element which is from five to twelve 
pounds depending upon the amount of compensation 
required. This force is balanced by the electromagnetic 
force exerted on the actuating coil which is freely sus- 
pended in a powerful magnetic field, preferably main- 
tained by permanent magnets of cast alnico, because the 
electromagnetic force is exactly proportional to the cur- 
rent flowing in the actuating coil as long as the mag- 
netic field remains constant. . The current in the ac- 
tuating coil is automatically controlled by means of 
photoelectric cells P; and P: in Fig. 5, which keep the 
coil balanced between limiting positions less than 
.02 inch apart. A stock milliameter ./, inserted in 
series with the actuating coil can be made to indicate 
the air load in pounds or any other units by merely ad- 
justing the shunt resistances M, and .\M,. Different 
resistances provide different ranges and sensitivities. 
For example, on its maximum range the lift meter reads 
up to 2500 Ibs. with a precision of +25 lbs. or better, 
but by merely turning a switch any one of six other 
ranges is obtained, and the minimum range has one 
hundred times the sensitivity of the maximum range, 
reading up to 25 lbs. with a precision of + .25 Ib. 
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The current supplied to the actuating coils by the 
vacuum tubes 7, and 7’, varies through the range 
+100 milliamperes, the magnitude depending upon 
the controlling photoelectric cells. Two separate 
power supplies provide 300 volts across resistances A, 
and 

Compensation for the interaction between the sev- 
eral components, such as the influence of pitching mo- 
ment on drag, is accomplished by passing the current 
from the pitch balance through a portion of the drag 
actuating coil. Shunts are used to adjust the com- 
pensation to the exact value needed. 

Simultaneous readings of all six components, the 
dynamic pressure, angle of attack, angle of yaw, a clock 
with a second hand, wind-tunnel temperature, and 
barometric pressure are taken by photographing the 
instrument panel. A blackboard is mounted at the 
top of the panel so that the title of the test may be in- 
serted and notes added with ease. A specially con- 
structed camera is used to photograph directly on 
photostat paper giving pictures 5 X 8 in., which is large 
enough to permit easy reading with the naked eye. 
When necessary pictures can be ready to read within 
fifteen minutes from the time that they are taken from 
the camera. 


As a supplement to the photographic method of tak- 
ing readings, recording milliameters are mounted near 
the panel and can be plugged into the circuit of any of 
the balances when desired. This makes it possible to 
obtain immediate and continuous records of important 
readings, and to record peak values which may be 
missed by the usual point by point method. Since the 
electric measuring units respond to rapid changes of 
load, transient effects can be recorded. 

Tests can be made very quickly with this equipment. 
A set of 15 readings is completed in from three to five 
minutes. When models are tested for yawing stability 
at several different angles of attack it is often possible 
to obtain four or five sets of readings in less than 
fifteen minutes because there is no appreciable delay 
in setting the model at any desired angle of pitch or 
yaw and it is unnecessary to stop the wind tunnel until 
all readings are taken. 

In order to provide sufficient strength and rigidity 
the strut projecting up into the air stream was made 
five inches wide. In spite of the fact that the model is 
mounted nearly 12 inches above this strut, as shown in 
Fig. 2, experiments indicate that it has an appreciable 
influence on the air flow near the center of the model, 
but that placing a duplicate or image strut above the 
wing almost eliminates this effect. Also the form of the 
top of the strut has a pronounced influence and it is 
believed that further alteration of the form will elimi- 
nate the need for an image strut: 

The drag of the mounting fork is less than 25 per- 
cent of the minimum drag of the airfoil used for pre- 
liminary check tests. This is an aid to obtaining ac- 
curate minimum drag readings. Moreover, the flexure 
pivots used throughout the suspension system eliminate 
friction and hysteresis effects, so that even unusually 
small forces, such as the resistance of the mounting 
forks alone, can be measured with the same consist- 
ency of readings as that obtained when measuring 
drag loads of 200 pounds. 


. Book Review 


The British Aircraft Industry; The Society of British Aircraft 
Constructors, Ltd., London, 1939; about 400 pages. 


The Society of British Aircraft Constructors has published a 
most comprehensive catalogue of the British aircraft industry. 
Authoritative data on aircraft, engines, and aircraft accessories, 
components, and materials are presented in English, French, and 
Spanish. This feature makes the volume especially valuable for 
the export trade. 

Sir Kingsley Wood, Secretary of State for Air, says, in a fore- 
word, ‘‘In spite of preoccupation with Royal Air Force contracts, 
I am glad to see that the British manufacturer is not forgetting 
the claims of export trade, and civil aviation will reap the benefit 
of the great work that is being done.” 


An examination of the directory by companies reveals that em- 
phasis is given to products which are available for export, and 
listings of some of the newer types which are not in that class are 
omitted. The section of the book in which the accessories and 
materials are described is an excellent presentation of the wide 
coverage of British products. 

The book should be carefully studied by the American aircraft 
industry; it isan example of cooperative effort which is certain to 
bring enquiries from all parts of the world. After the present 
extraordinary expansion of aircraft production in all countries is 
past, a highly competitive campaign for foreign markets is to be 
expected, and those countries which can best present their prod- 
ucts will reap the greatest rewards. A similar directory of Ameri- 
can products should receive careful consideration. 
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Notes on Recent Structural Research at 
Goodyear-Zeppelin Corporation 


KARL ARNSTEIN anv E. L. SHAW 
Goodyear-Zeppelin Corporation 


Stress Mope. Tests 


HE use of models to predict the full-scale behavior 

of a structure is gaining increasing favor in the 
field of aeronautics. This trend to model investigation 
is due not only to the saving in expense, labor, and time 
involved, but also to a better understanding of model 
laws and to recent improvements in the art of properly 
representing the prototype structure. 

Some time ago a practical type of model girder was 
developed, which permitted the axial, bending, and 
torsional elastic characteristics to be varied inde- 
pendently, and, further, it incorporated a convenient 
and sensitive means for measuring the corresponding 
strains and stresses.' As a part of an investigation 
program of the Special Committee on Airships a 
complete airship model, using this type of model 
member in place of the corresponding prototype girder, 
was constructed and tested.2» The work was carried 
out with the financial assistance of the Navy Depart- 
ment. The test program was carefully chosen so that 
the effects of local loads could be conveniently isolated 
from the effects of general loads and in this way much 
of the confusion that has occurred in many previous 
model and full-scale tests was eliminated. Many 
variations of the structure were investigated such as 
with and without side or bottom gangway and with 
high and low initial tension in the shear wiring. Fig. 
1 shows a part of the complete model rigged for test, 
with radial loads being applied to springs between the 
model and external loading rings. 


Presented in abstract form as a part of the Lighter-than-Air 
Symposium, Seventh Annual Meeting, I.Ae.S., January 26, 
1939. 


Fic. 1. Close up of model and loading arrangement. 


The results obtained from tests on this model formed 
an excellent basis for evaluating existing methods of 
stress calculation of airships* and have answered many 
questions concerning various features of design. For 
example, the distribution of stress resulting from gen- 
eral bending and shear was fully investigated with 
regard to the effect of initial tension in the shear wir- 
ing. It was found that, if the initial tension exceeds 
a certain amount, the stress in the longitudinal girders 
follows the conventional cos ¢ distribution around the 
circumference or a straight line distribution as ex- 
pressed by the beam formula, and the shear forces in 
the wires follow the sin ¢ law. If, however, the wires 
become slack under loading, the stress distribution is 
disturbed, particularly if the slackness of the wires is 
appreciable, and this disturbance follows certain definite 
laws. 

The ‘‘Principle of Superposition,’’ which has been the 
subject of considerable speculation, was checked by (1) 
testing the model under separate side and end loads, 
and (2) by testing with combinations of these loads. 
It was found that, for most cases of loading within the 
design working load limit, the errors introduced by 
superimposing the individual loading results were not 
important. 

The local effects of concentrated circumferential 
loads was found to be confined in the longitudinal di- 
rection to one or two intermediate frame spacings only, 
and the local effect of a concentrated radial load was 
limited principally to the adjacent main bay and main 
frame. 

Other isolated structural parts of an airship, such as 
a single transverse frame with bulkhead, empennage 
structure, etc., were represented by models using the 
same basic principles and tested under loading condi- 
tions likely to occur in the prototype. It is interesting 
to know that in models of structures for which precise 
theories exist, the test values resulting from design 
loading conditions checked the theoretical calculation 
within 3 percent of the ultimate strength of the proto- 
type member. 


STABILITY MODELS 


The problem of general structural instability of air- 
ships hulls, like stiffened cylinders, has been given con- 
siderable attention. This problem has not been so 
critical in the past because the structural members of 
which the built-up structure was composed had a 
relatively low static or local strength. However, the 
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advent of higher local strength members and larger 
structural radii enhances the importance of this prob- 
lem and a rational method, capable of safe and efficient 
extrapolation, is required. 

In 1934 the Goodyear-Zeppelin staff developed an 
analytical treatment of this problem; test results ob- 
tained with rather crude models enabled a rough check 
of the theory. Recently, and as a further part of the 
model contract for the Navy Department, a series of 
tests on several elaborate structural stability models of 
an airship main bay has been completed. These 
models, cylindrical in shape and consisting of longi- 
tudinal members and transverse frames diagonally 
braced by a great number of shear wires, as shown in 
Fig. 2, were designed to represent a conventional air- 
ship main bay, except that the local and Euler strengths 
of the longitudinal members were made high to insure 
failure by general instability instead of local stress. 


Fic. 2. Stability model of an airship main bay. 


The type of model member used in these tests differed 
from that used in the stress model investigation, but it 
likewise permitted variation of the axial, bending, and 
torsional characteristics independently. A great deal 
of care was exercised in their design and construction 
in order to insure uniformity of model members, joints, 
dimensions, etc. 

In this investigation the effects of various types and 
arrangements of shear wiring, of initial tension in the 
shear wiring, and of internal pressure on the stability 
strength of the represented structure, were studied. 

A survey of the test results indicates that the stability 
strength of a conventional airship structure such as that 
used as prototype for this test is higher than the de- 
signed loeal strength, and that initial tension in the 
shear wires and internal pressure have favorable 
effects. 

The variations in the test results of all models were 
remarkably consistent with predictions on the basis of 
the aforementioned theory and thus indicate that the 
stability strength of such a structure can be treated 
analytically with a good degree of accuracy. 

It would seem reasonable to suppose that the same 
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type of treatment may be applicable in determining the 
stability strength of stiffened shell construction. 


STRESS CHANGE RECORDER 


Another development carried out recently for the 
Navy Department is a ‘‘stress change recorder.’’ This 
instrument is for the purpose of recording the maximum 
stresses as well as the total number of stress changes 
of a number of different magnitudes experienced by an 
aircraft member during its flight history. 

This instrument, weighing only a few ounces, appears 

be valuable for collecting data to permit an ap- 
praisal of the fatigue resistance to be desired in a 
particular member and also to give an indication of 
the frequency and magnitude of the varying loads on 
the structure as a whole. 

A simple method of interpreting data recorded over 
a relatively short period has also been developed which 
should give a reasonable indication of the fatigue life 
to be expected for that member. 

The instrument, as shown in Fig. 3, makes use of 
ratchet wheels requiring a definite amount of motion— 
or stress change—to be operated. The ratchet wheels 


Fic. 3. The stress change recorder. 


are connected with counting devices which record the 
number of stress changes for each range of stress. 

At present this recorder is installed on a fin brace 
cable of a non-rigid airship. Fig. 4 shows data col- 
lected by the instrument. 
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Fic. 4. Stress change history of fin brace wire on a non-rigid 
airship during flight. 
FATIGUE TESTS ON GIRDERS AND BOOMs 
In addition to previous axial tension and compression 
tests on aircraft girders' conducted in a high frequency 
fatigue testing machine,’ some fatigue tests on alumi- 
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num alloy tubes and girder booms including various 
stress raisers such as open holes, rivets, welds, and 
gusseted types of connections have recently been 
carried out. 

The tests show that some difference exists between 
open and rivet-filled holes, likewise between welds and 
rivets and ordinary surface imperfections and possibly 
between the various materials used in the manufacture 
of high strength members. However, these differences 
appear to be small and for practical purposes it can 
generally be said that the fatigue strength of these 
structural members including imperfections of the na- 
ture mentioned above are substantially the same. 
This is particularly significant since the flexural 
fatigue test results for the Alclad material without 
imperfections is appreciably lower than the correspond- 
ing plain material without the soft coating. This con- 
clusion is supported by the test results shown in Fig. 5 
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Handbook of Aeronautical Vocations, by WALTER VAN 
HaitsmMA; Zeeland Record Company, Zeeland, Michigan, 1939; 
47 pages. 

The recent expansion program of the aeronautical industry 
in this country foreshadows a wide appeal for this booklet. It 
is ‘‘a vocational guide for careers in all phases of aviation.” 

All of the necessary information on duties, professional and 
personal qualifications, and promotional stages are given clearly 
and concisely. It is divided into six parts: ‘‘Aviation as a 
Career,” ‘‘Explanatory Notes on Vocational Chart,’’ ‘‘Voca- 
tional Charts,’’ ‘‘Choosing the School,’’ ‘‘Helpful Suggestions,” 
and ‘Selected Reading Material.”’ 

Mr. Van Haitsma, a vocational lecturer and counselor and 
formerly Director of Placement for the Training Division of 
United Air Lines, has a background of experience which enables 
him to speak authoritatively on the subject. 

The book not only contains a great deal of information for the 
young person who is considering a career in aviation but will be 
welcomed as well by those who are asked for advice on how to en- 
ter the aeronautical field. 


Fighting Planes of the World and Aircraft of the World, 
Recognition Book, edited by E. C. TaLsot-Bootn, compiled 
by Eric SARGENT; D. Appleton-Century Company, Inc., New 
York and London, 1938; 601 pages and 1044 pages. 

These books supplement each other. One limits its scope to 
military aircraft of the world and descriptive chapters on the 


Royal Air Force, its history, functions, and equipment. The 
other, as its title implies, gives the information necessary to 
identify the aircraft of the world, supplementing the ‘‘recognition 
drawings’ with condensed performance data wherever possible. 

The unique feature of each book is its handy size. Condensed 
into 600 pages, the volume on fighting aircraft devotes two 
facing pages to each type described. A good photograph is 
supplemented by an identifying name, the type, the manufac- 
turer, the dimensions, weights, performance, and any additional 
information which may be helpful. A third of the pages are 
used to give as complete information regarding the R.A.F. as 
can be found in any reference work. 

The Recognition Book, in its thousand pages, renders a service 
that is usually available only in confidential charts that all air 
forces have for the guidance of pilot officers. Three-view sil- 
houettes give the proportions of each type. As in the volume 
on fighting airplanes, data on performance, weights, etc., supple- 
ment the drawings. 
mercial aircraft and the second treats the leading military and 
naval aircraft of the world. 

Many omissions, due to obvious restrictions, will be noted, but 
the authors merit great credit for such painstaking research and 
interpretation as was necessary to make the publication of these 
books possible. 


The first part of the book describes com- 


They are indispensible guides to the identifica- 
tion of the ever-increasing range of types of modern aircraft. 
The widespread demand they deserve should encourage the 
editor to publish supplementary volumes from time to time. 
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The Grant Streamline Flap 


WILLIS L. NYE 


ABSTRACT 

This paper describes a new type of airfoil flap which presents 
possibilities of obtaining higher lift coefficients when used with 
conventional airfoils. The wind-tunnel investigation was per- 
formed at New York University and the results of this investiga- 
tion are discussed. The results show that a substantia] increment 
in the lift performance of conventional airfoils is possible provided 
the flap functions did not disrupt the boundary layer airflow. 
It was established that radical variations of the position of the 
center of pressure did not follow on the N.A.C.A. 23012 airfoil 
which was equipped with this flap when the flap was deflected. 
While the movement of this flap involves mechanical linkages, 
little increase in the parasitic resistance was found. 


NDER the existing Civil Aeronautics Authority 

regulations, the landing speed of commercial air- 
craft cannot exceed 65 miles per hour, and in order to 
comply, it is compulsory that wing flaps be employed 
if a high performance is to be attained. Except where 
a sliding projected type flap is used, the conventional 
flap in its many forms is practically useless in assisting 
the take-off as well as landing operation, mainly be- 
cause the generation of drag is high in proportion to 
the gain in lift. The solution of this problem resolves 
itself into the employment of a flap which generates 
high lift with a minimum of drag. This is the specific 
function of the Grant Streamline Flap! and prompted 
the original development. 


DESCRIPTION AND TESTS 


The profile of a normal airfoil equipped with the 
Grant flap is shown in Fig. 1. It is apparent that the 


24° 


Fic. 1. Normal airfoil equipped with Grant multiple flaps. 


cross-section profile is not altered abruptly when the 
flap is deflected and that the boundary layer airflow is 
maintained by the airflow through the slots. The flap 
operation is accomplished by mechanical linkages and 
is adaptable to any conventional airfoil with a stable 
Center of Pressure. 
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In Fig. 2 are shown the results of wind-tunnel tests with 
various slot settings and deflections of the trailing edge. 
The tests were conducted with a four segment flap on 
an N.A.C.A. 23012 airfoil. The various configurations 
are shown in Fig. 3. A lift coefficient of 2.6 at an effec- 


BASIC CHORD LINE = FLAP SETTING 


POSITION NO.1: 0.4°TO 6.4%. 
NO4& 34° TOIO4 
NO.6: 46°70 74° 


Fic. 3. Configurations used for test results 
shown in Fig. 2. 
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Fic. 2. Polars of N.A.C.A. 23012 airfoil equipped with 4 seg- 
ment Grant flaps. 


tive Reynolds Number of 389,000 is obtained with an 
airfoil of moderate thickness. During the tests, the 
operating mechanism for the flaps was mounted on the 
lower surface of the airfoil model and even with these 
excrescences, the drag was quite low. 

The normal lift coefficient for this size model and wing 
section reaches a maximum value of 1, but with this 
identical model equipped with the flap of Fig. 1 a 
maximum lift coefficient of 2.6 was developed. 

Fig. 2 shows the effect of variation in the upper sur- 
face slot opening on lift and drag in the No. 6 position, 
indicating that the area of the slot opening is very im- 
portant. The polar curve of the test with No. 4 flaps 
falls below the polar curve envelop shown in Fig. 2. 
This is due in all probability to the use of a slot opening 
which was not the optimum for that flap deflection. 
The test described here in its entirety was run at a 
Reynolds Number of 278,000 but the correction for 
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wind-tunnel turbulence gives an effective value of 
389,000. 

The final estimations of C_,,,,. for the Grant flap 
at Reynolds Numbers of 10, 15, and 20 millions were 
3.185, 3.270, and 3.335, respectively. These values 
were obtained by extrapolating the test data of the 
N.A.C.A. 23012 airfoil to the desired Reynolds Number 
and then adding these figures to the Cyz,,,,, shown by 
the tests with the flaps depressed. This correction is 
based on a series of tests with the N.A.C.A. 23012 air- 
foil with an external flap. This airfoil and external 
flap approximates the principle of the Grant slotted flap 
airfoil. 

The minimum drag in this instance is 0.012. Whena 
thicker airfoil is employed, a substantial increment in 
maximum lift is possible, though at a corresponding 
increase in the minimum drag. 

A variation of the median line alters the position of 
the Center of Pressure, and the wing weight is largely 
predicated upon the magnitude of the Center of 
Pressure variation. The Center of Pressure move- 
ment when this flap is employed is similar to that of a 
normal airfoil with a hinged flap of one segment. 

The model had slotted and adjustable flaps, the ad- 
justment ranging from —2° to 24°. Slot openings on 
the upper surface of the airfoil were varied by altering 
the curvature of aluminum strips which covered the 
flap segments. Slot apertures on the lower surtace of 
the airfoil automatically adjusted themselves with any 
change in flap deflection. 

The tests were conducted in a nine foot wind tunnel 
at an airspeed of 59.4 m.p.h., referred to standard air. 
The angles of attack were taken from the chord line 
of the fixed portion of the airfoil. The term chord line 
angle is defined as the angle between the chord line of 
the fixed portion and the chord line made by joining the 
leading and trailing edges of the wing with flaps de- 
flected (see Fig. 3). 

The data for test 4 (Fig. 2) are given here This test 
was used to compute the Center of Pressure movement 
and the moments about quarter chord point. The flaps 
were adjusted to No. 6 position (Fig. 3) with the slots 
open '/s inch and the chord line angle was 24° (Table 1). 


OPERATION OF THE FLAP 


The increase in lift with a conventional flap is ap- 
proximately proportional to the degree of deflection 
below its normal raised position, up to a certain well 
defined point. At this point separation takes place, 
the lift decreases and the drag increases. This separa- 
tion definitely limits the flap size and the degree of de- 
flection. 

In Fig. 4a, the slot is disposed between the leading 
edge of the flap and the rigid portion of the wing. 
When the flap is deflected, air passes up through the 
slot and ejects out along the upper surface of the wing 
as in Fig. 4b. This jet of air allows the flap to be de- 


flected further than the slotless flap, before separation 
occurs. To attain greater deflection without greater 
angular deflection, the flap chord can be made larger. 

The Grant flap permits the edge of the flap to be 
depressed to more than 38 percent of the chord below 
the chord line of the original airfoil. Fig. 4c shows the 
flap of two segments in normal attitude. Fig. 4d shows 
the flap fully depressed to a high lift position. 

The limitation of deflection and size makes it evident 
that the single flap retards boundary layer separation 
only to a limited degree of deflection. However, if two 
slots are employed and two segments form the flap, 
both of which may be depressed, it is evident that the 
two slot flap may be wider than the single flap, and that 
the deflection may be much greater, with a consequent 
increase in the lift. In Fig. 4d the deflection of the 
inner segment is less than the angle of maximum de- 
flection of the single flap. The airflow over this latter 
flap is sustained up to an angle of 40°. The airflow 
over the inner segment of the two segment flap remains 
smooth, since its deflection is only about 30°. 

It is feasible to use this flap with multiple segments. 
However, for reasons of simplicity, the two segment 
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Fic. 4. A comparison of a normal 
single flap airfoil and the Grant two 
flap airfoil. 

TABLE 1 


Center of Pressure Movement 


Angle of C.P. in Per- 

Attack . cent of Chord CMe. 
—4.6 55.6 — .530 
—2.6 52.5 — .577 
—1.6 51.7 — .594 
—0.6 51.2 — .604 

0.4 50.9 —.611 
1.4 50.4 — .614 
2.4 49.7 — 
3.4 48 .6 — .600 
4.4 47.6 — .587 
5.4 47.0 — .572 
6.4 46.0 — .556 
7.4 50.2 — .525 
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flap will be the most practical, while retaining the 
capacity to generate lift far in excess of conventional 
wings. In this instance, the slots at their intake end 
are nearly twice as large as in the case of the multiple 
segment wing, but the outlet openings are similar in 
discharge area. Hence, a greater volume of air at a 
higher speed is discharged from the slot openings of the 
two segment flap than those of the multiple segment 
flap. Tests by Piatelli* indicate that adequate scaveng- 
ing is obtained with a two segment flap provided the 
slots are properly designed. 

The tests described show the possibility of obtaining 
a maximum lift coefficient of 2.6 with a minimum drag 
coefficient of 0.012 by the use of this flap, thus per- 
mitting a large difference between landing speed and 
high speed. ‘The author is not aware of any other flap 
device which has a minimum drag coefficient as low as 
0.012 in conjunction with a maximum lift coefficient as 
high as 2.6. 


Arc Welding in Design, Manufacture, and Construction; The 
James F. Lincoln Foundation, Cleveland, Ohio, 1938; 1402 
pages, $1.50 in U.S., $2.00 elsewhere. 

This volume comprises a selected list of 109 of the 1981 papers 
submitted to The James F. Lincoln Arc Welding Foundation for 
its recent Award Program. They cover a wide range of applica- 
tions of arc welding to modern fabrication problems. 

The aeronautical! section, covering 59 pages, comprises six 
papers. The first, by L. J. Carey and Marvin Whitiock on ‘‘Are 
Welding in Aircraft Heating’’ describes the savings effected by 
are welding the boilers of aircraft steam heating systems. ‘‘Arc 
Welding in Aircraft’? by Ralph H. Upson advances a type of con- 
struction and method of design which will permit arc welding and 
its inherent economy in modern all-metal aircraft. ‘‘Arc Weld- 
ing for Economy in Constructon of Beaching Gears for Large 
Planes’’ by James W. Fitch and John Czarniecki, Jr., describes 
the beaching gear for the Boeing Clipper and states that a saving 
of 31.7 percent was accomplished by the use of arc welding in its 
fabrication. ‘‘Arc Welded Aeroplane Landing Gear Fork and 
Tests of Aircraft Welds” by C. R. De Laubenfels describes the 
saving and increased service life of are welded landing gear forks. 
‘Design of an Outer Wing Panel for Large Airplanes’”’ by W. E. 
Savage and J. B. Johnson describes this design, which employs a 
single spar fabricated from heat treated alloy steel, arc welded, 
to take the bending and shear loads, and a nose section of 
stainless steel, spot welded, to absorb the torsional loads on 
the wing. ‘‘The Potentialities of Arc Welding in Airplane De- 
sign’’ by Ray P. Holland, Jr., describes many of the parts of the 
modern airplane where are welding might allow great savings in 
fabrication costs. 


Airports, 1939; The Airport Directory Company, Hacken- 
sack, N.J., 1939; 320 pages, $2.00 in U.S., $3.00 elsewhere. 
The 1939 edition of this reference handbook is, as the other 
editions have been, an invaluable aid to pilots who engage in 
cross country flying. Instead of drawings, which are sometimes 
difficult to decipher and may be confusing, there is an aerial 
photograph of each airport. 

In addition, the essential information regarding the principal 
airways and radio stations is given. 
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Normal flap action impairs aileron control at stalling 
speed but this problem has been solved here in an origi- 
nal manner. The semi-span of the wing contains two 
inner flaps which can be depressed up to 24°. Two 
outer flaps act as ailerons but these are only depressed 
half as much as the inner flaps. The aileron flaps func- 
tion normally without any impairment of the lateral 
control, mainly because the airflow over the aileron 
flaps, by virtue of the slots in front of the aileron, 
remains smooth when the flaps are deflected. 
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The Law of Aviation, by Henry G. Horcukiss; 
Voorhis and Company, New York, second edition, 1938; 
pages. 

Ten years ago Mr. Hotchkiss, a member of the New York Bar, 
published the first edition of this book on the legal aspects of 
aviation. Since then there has been a development in this field 
as marked and as rapid as that in the art of flying. International, 
national, state, and municipal laws and regulations have created 
new boundaries which have given way to controlling decisions 
substantially settling the principal questions that were unsolved, 
or dubious when the first edition of the book was published. 

This comprehensive study of the present status of Air Law gives 
the limitations marked by statutes, treaties, or decisions, and 
points to questions still to be answered. The presentation of all 
phases of the law of aviation is commendably brief for a book of 
such wide scope. It is well documented, so that those interested 
may easily find further and more specialized information. 

The appendices will prove an invaluable source of reference 
material. They reprint the texts of the leading International 
Conventions, the various U.S. civil air regulations, the present 
and proposed Uniform State Law and Aeronautics Code and the 
Great Britain Air Navigation Act of 1936. 

As a standard work the book is unexcelled and will be of in- 
estimable value to those charged with the solution of air law 
problems. 


Un Diccionario de Aeronautica, by C. T. Rerp; Aviation 
Press, San Francisco, 1939; about 125 pages, $3.00 (litho- 
graphed). 

Withour export business to South American countries growing so 
rapidly, a Spanish-English dictionary will be a most useful hand- 
book for those whose duty it is to deal with our S.A. friends who 
speak only Spanish. Even though one speaks a language fluently 
he frequently has difficulty with the correct translation of tech- 
nical terms. Mr. Reid has spent many years making the com- 
pilation for his own use. Friends urged him to make his notes 
available to others, and the present dictionary is the result. 
English-Spanish and Spanish-English sections make the diction- 
ary complete for both languages. 
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Empirical Formulas for Allowable Compres- 
sion Loads in Stiffened Sheet Panels 


E. ROBERT REFF 
Bellanca Aircraft Corporation 


ABSTRACT 

The author presents a general formula for the strength of any 
flat sheet-stiffener combination, the necessary empirical constants 
being given for a limited range of extruded stiffener shapes. It is 
suggested that this formula may be utilized in laying out test 
schedules for other stiffener shapes for which such constants are 
not now available. Existing test results, if sufficiently broad in 
scope, may be used to determine the empirical constants for 
stiffener shapes other than those considered. The number of 
tests necessary to obtain design data for a given range of stiffener 
shapes and sizes may be greatly reduced by use of the formula, 
and determining the necessary empirical constants, rather than 
running a complete schedule of exhaustive tests, will expedite 
stress analysis procedure. It is recommended that further tests 
be run to correlate the effects of rivet spacing. 


INTRODUCTION 


ECHLER,! von Karman, Cox, Marguerre, and 

others”? have derived approximate formulas for the 
effective width of sheet acting with each stiffener at the 
same stress as the stiffener, which may be used to calcu- 
late allowable design loads. However, the use of these 
formulas involves questionable assumptions as to the 
buckling stresses developed in the sheet midway be- 
tween stiffeners, which vary widely depending on the 
type of support afforded the sheet by the stiffeners.* 
In spite of the popularity of the effective-width method 
of sheet-stiffener design where specific test data are 
lacking, considerable caution must be exercised in its 
application. Available formulas are based mainly on 
the behavior of the sheet prior to buckling beyond the 
elastic limit. However, the ultimate strength after 
elastic buckling has been exceeded is usually the major 
factor in designing monocoque structure, depending on 
the specified ratio of yield to ultimate loads. The 
formula developed by the author is concerned only 
with ultimate loads. After elastic buckling has been 
exceeded, a redistribution of stresses occurs in the sheet 
beyond which classical buckling theory is no longer 
strictly applicable. The formation of wrinkles in the 
sheet may invite premature stiffener failure, and condi- 
tions existing at or near ultimate failure are very diffi- 
cult to analyze. The author’s formula divides the load 
carried by any combination of sheet and stiffener into 
its two fundamental components and a means of sepa- 
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rating the load carried by the sheet from that carried by 
the stiffener has been devised to establish the pa- 
rameter R, a measure of the overall efficiency of the sheet 
in carrying load. It is significant that R incorporates 
the combined effects of effective width and variation in 
stiffener stress. 

Empirical constants of the general formula are deter- 
mined from test data for flat aluminum alloy sheet 
attached to various stiffener shapes. No data pertain- 
ing to the effects of curvature of the sheet were avail- 
able. However, from the viewpoint of ultimate loads, 
it is believed that the increase in strength due to curva- 
ture of the sheet is nearly all lost after buckling occurs, 
since the buckling of the panel tends to flatten it locally. 


ANALYSIS 


The following symbols are used: 
b = width of sheet attached to each stiffener 
(stiffener spacing) 
t = thickness of sheet attached to stiffener 
A, = area of stiffener section 
A = A,+ dt = area of one stiffener and its attached 
width of sheet 
= P/A = average stress in sheet and stiffener 
P = F,,(Ao + 6t) = load in pounds carried by one 
stiffener and its attached width of sheet 
P) = Value of P for t = 0 (as determined by straight. 
line extrapolation of the load curve) 
F_ = P,/Ao = hypothetical stiffener stress for ¢ = 0 
L = column length of sheet and stiffener (bulkhead 
spacing) 
fo = radius of gyration of stiffener section about its 
neutral axis parallel to the plane of the at- 
tached sheet 
c = end-fixity coefficient of stiffeners at bulkheads 
rivet spacing parallel to direction of loading 
c’ = end-fixity coefficient of sheet between rivets. 


The fundamental substance of this paper is that the 
load in pounds carried by any combination of sheet and 
stiffener plotted against ¢ as the only variable may be 
represented in rectangular coordinates as a straight line 
with a positive slope. A great number of test data bear 
out the validity of this relation within the limits of ex- 
perimental accuracy for sheet gages between ¢ = .020 
and .125. It is strongly suspected that for sheet gages 
below about .020, this assertion is conservative, and 
that the curve actually flattens out at its lower extrem- 
ity. However, for reasons which will later become 
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obvious, granting that the load curve does actually 
flatten out for small sheet gages, it is nevertheless 
necessary to use the intercept of the straight line portion 
of the load curve extrapolated to ¢ = 0 in developing a 
load formula. 

Fig. 1 shows that the slope of the load curve is a func- 
tion of 6, and that a series of load curves representing 
different values of } will converge at ¢ = 0 to a value of 


P = Py. Furthermore, it is found that if 5 is held 
EXTRUDED 24ST 
z BALANCED ZEES 
uJ 25 % IN. LONG 
v) 
© 
2 10 
a 
5 
@) 
O 025 050 075 100 I25 
t 


Fic. 1. Ultimate allowable panel loads per stiffener. 


constant and L varied, the load curves are parallel with 
different values of Py for each value of L. 

The designing engineer is primarily interested in the 
average stress carried by any sheet-stiffener combina- 
tion for purposes of weight comparison. As long as the 
flexure formula f, = My/J is used to obtain the applied 
stresses in wing panels, the allowables must be average 
stresses in order that both will be based on total area of 
sheet and stiffeners, as is generally used in computing 
section properties of the wing. If A is plotted against ¢ 
for various values of 5, a family of straight lines will be 
obtained which also converge at ¢ = 0 for some value of 
A = Apo. Hence, it is obvious that the ratio AP/AA is 
a constant for any given vdlue of b, where AP/t is the 
slope of the load curve and AA /t = } is the slope of the 


area curve. 
The average stress function R will now be defined as 


R = P/A = (P — P»)/bt (1) 


which is a measure of the effectiveness of the sheet in 
carrying load. 

Fig. 2 shows results from tests of three typical stiff- 
ener sections in which & is plotted against 1/b.. From 
these and other tests, it was found that the expression 


R = K(1/b)” (2) 


fits the experimental points reasonably well. A mean 
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value of m = */; has been found to fit all available test 
data within the limits of experimental accuracy, regard- 
less of the size or shape of the stiffener considered, for 
both 17ST and 24ST materials. 

From Eqs. (1) and (2), 


P =P,+ (3) 


The physical significance of this formula is simply 
that the total load carried by any sheet-stiffener com- 
bination consists of the load carried by the stiffener plus 
the load carried by the sheet, in which P, is the former 
and Kb"*t is the latter. It is pointed out that since Py 
is in all probability a hypothetical load, it is to be ex- 
pected that it will not check with actual loads as ob- 
tained from column tests of stiffeners restrained against 
twisting but with no sheet attached. However, the 
error involved in a low value of P» is slightly conserva- 
tive for small sheet gages, and diminishes to zero with an 
increase of sheet thickness to about ¢ = .020, which is a 
practical minimum from a design standpoint. 


DETERMINATION OF K 


Values of K have been determined for several stand- 
ard sizes of balanced and unbalanced zee stiffeners, 
and flat-topped hat stiffeners (Fig. 3). With the excep- 
tion of one 17ST balanced zee section, all of the sections 
are of 24ST material and only extruded shapes are con- 
sidered. Values of K for each extrusion appear in 
Table 1. In cases where sufficient geometric similitude 
exists to warrant interpolating for the K of a stiffener 
size in between two known values, the following formu- 
las may be used: (For 24S7—ultimate loads, 1 in. 
rivet spacing) 

K = 125,000 Ay’? . (4) 


131,000 (5) 


Balanced zees: 


ll 


Unbalanced zees: K 


BALANCED ZEES 
Yax.0O45 7 


T 
3- ves He *.060 


4 


1S .O3 O10 0.3 1.0 


x= Yb 


Graphical solution of R = K(1/b)" for three typical 
stiffener sections. 
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TABLE 1 


Properties and Constants of Standard Extruded Stiffener Sections 


Description 

Ref. No. Die No. Material Shape Size 
1 K14040 24ST Bal. Zee X .045 
2 K8669 24ST 13/16 .075 
3 K775 1257 7/3 X X .060 
4 K9047 24ST 1X "/is X .050 
5 K 14034 Unbal. Zee X .070 Vertical 
6 K13685 1 X .050 
7 K14035 1'/. .079 
9 K14219 Hat K 3"/ig X .078 
10 K14073 XK X .089 
12 K14075 11/2 X 37/3 X .135 


* Values of constants are for ultimate allowable loads and for 1 in. 


STIFFENED SHEET PANELS 


Properties 

Ao Po, 
In.? In. 
1000 3564 
226 5827 
1189 3441 

. 134 4043 
226 . 585 
130 . 404 
291 
174 433 
4395 . 557 

. 4839 . 553 

.6821 . 561 
7591 . 53875 


Constants* 


-k/1000 
48.5 42.0 
75.0 
64.5 
64.5 42.0 
80.0 37.8 
65.5 
87.0 
74.0 
132.0 47.0 
129.0 49.0 
160.0 45.0 


spacing of rivets through sheet as follows: 
Zees: Single row of !/s in. dia. Brazier head rivets. 
Hats: 


Eq. (5) gives close agreement with the values of 
Table 1 throughout the entire range of stiffener areas 
considered, but Eq. (4) checks only the two larger of the 
three 24ST balanced zee sections. It is recommended 
that whenever possible, actual values of K be deter- 
mined from test data (as in Table 1), Eqs. (4) and (5) 
being used for interpolation only when the dimensions 
of the stiffener sections are proportional. Extrapola- 
tion for K by means of Eqs. (4) and (5) is not advisable 
except for small increases in stiffener area. 

Values of P have been obtained by dividing the total 
panel test load by the number of stiffeners. The sheet 
edges were supported by the outermost stiffeners only, 
no sheet extending beyond the stiffener flanges. All 
specimens consisted of from 3 to 5 stiffeners per panel, 
P having been found to be independent of the number 
of stiffeners for panels having three or more stiffeners. 


Dimensions of extruded hat stiffener 
sections. 
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Section Alcoa A B 
Ref. No. Die No. In. In. 
9 K14219 3" /16 .078 
10 K14073 O89 
11 K14074 3'/s .117 
37/5 135 


12 K 14075 


One row of */3. in. dia. Brazier head rivets in each leg. 


DETERMINATION OF Pp 

As might be expected, P» is a function of L, since it 
represents a hypothetical load carried by the stiffener 
with no sheet attached but with the same type of re- 
straint as offered by the sheet. In Table 2, values of P, 
are given for various lengths of the stiffener sections 
listed in Table 1. Values of F,. and L/pp are calculated, 
and plotted in Fig. 4 where the hypothetical stress F, is 


F, = Po/Ay (6) 

For lengths or stiffener sizes other than those listed 

in the tables, values of F, may be picked from Fig. 4 
and Py obtained from Eq. (6). 


TABLE 2 
* P, Values for Various Stiffener Lengths 


No. of 
Section P,*, Stiffeners 
Ref. No. In. Lbs. _Lbs./In.? L/po per Panel 
1 12.00 3000 30000 33.7 3 to 5 
2 25.25 6000 26600 43.3 3 to 5 
3 17.75 2700 22700 51.6 4 to 12 
4 25.25 2630 19650 62.5 38to 5 
5 36.00 3570 15800 61.5 3 to 5 
25.00- 4900 21700 42.8 3 to 5 
6 20.00 2600 20000 49.5 3 to 5 
7 25.00 6700 23000 44.1 38to 5 
8 20.00 3920 22500 46.2 3 tod 
9 36.00 10300 23500 64.6 3 to 5 
26.00 13200 30000 46.7 3to4 
10 36.00 12400 25500 65.1 3 to4 
26.00 15500 32000 47.0 3to4 
11 36.00 14900 21800 64.2 3 
26.00 19300 28300 46.4 3to4 
12 36.00 25000 33000 67.0 3 
26.00 30000 39500 48.4 3 


* For flat-ended specimens, Ultimate Loads. 
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Fic. 4. Ultimate hypothetical column stresses for 24ST 
extruded stiffeners. 


In using the chart of Fig. 4 to obtain F,, care must be 
taken that the section being considered is dimensionally 
proportional to those represented by the curves. Ex- 
trapolation of these curves beyond the range of L/po 
indicated is not recommended. Although they are ap- 
parently parallel straight lines within a limited range of 
L/po, it would appear logical to conclude that they 
would become tangent to a Euler curve in the long 
column range, and would drop off for smaller values of 
‘L/po in the interaction range, where reduced values of E 
might have an effect upon the shape of the curves. 
However, the range of bulkhead spacings represented 
by Fig. 4 is sufficiently broad for conventional designs. 
The shape of the curves outside of this range cannot be 
predicted with any degree of certainty due to insufficient 
test data. 


ILLUSTRATIVE EXAMPLE 


The formula will now be applied to obtain a set of 
design curves which may be checked with actual test 
data. Choosing a balanced 1'/2 K '/i6 & .075 in. zee 
stiffener 25'/, in. long of 24ST material (Section No. 2 of 
Table 1) the values of the constants are inserted in the 
general formula as follows: 


Po 6000 Ib. (from Table 2) 


K = 75000 (from Table 1) 
P 6000 + 75000 6'’*t (from Eq. (3)) 


This equation is plotted in Fig. 1. Comparison with 
actual test points in Table 3 indicates good agreement. 


AVERAGE STRESS 


Eq. (3) may be written on an average stress basis as 
follows: 
P/A = (Py + = F, 


But Py = F,Ao and A = Ay + Di 


Hence 
= (F,. + Kb™*t/Ao)/(1 + bt/Ao) (7) 
Inspection of Fig. 4 reveals that within the indicated 
limits of L/po, F, may be represented by the slope- 
intercept equation of a straight line , 


F, 


k — 357L/p 


in which the factor — 357 has been found to be the slope 
of the curves of Fig. 4 and applies to all stiffeners in- 
vestigated regardless of shape. This equation may be 
rewritten in terms of the usual straight-iine column 
formula for aluminum alloy 


F, = k — (527/c'”)L/po (8) 


from which the value of c, the end-fixity coefficient, has 
been determined as c = 2.18 for flat-ended specimens. 
In design, any specified value of c can of course be used 
in Eq. (8), a common value being c = 1.5 for most wing 
rib-stiffener attachments. 

Values of the constant k are represented by the F,, 
intercept of the curves of Fig. 4 projected to L/p) = 0, 
and are listed in Table 1. Eq. (8) may now be substi- 
tuted for F, in Eq. (7) to obtain the average stress 


equation for a one-inch rivet spacing, as follows: 


TABLE 3 


Panel Test Loads: 1!/2 14/16 .075 X 25.25 In. Long 
24ST Balanced Zee Stiffener 


No. of 


P Lhe. P Lis. 

b Ultimate Ultimate Stiffeners 
(in.) t Test Load Calculated per Panel 
2.0 072 13320 12750 5 

064 12080 12000 5 

050 10940 10750 5 
.030 8715 8800 5 
.025 280 8250 5 

3.0 072 13930 13750 5 

si .040 10500 10350 5 
4.0 064 13550 13500 5 

080 95F0 9500 5 
5.0 .072 14630 15250 4 

ee 050 12400 12500 4 

.040 11130 11150 4 

7.0 .O72 16260 16250 4 

15230 15250 4 

030 10400 10300 4 

9410 9500 4 
10.0 . 064 16170 16250 3 
10620 10750 3 

3 


.025 9970 10000 


te 
. 
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LOADS IN STIFFENED SHEET PANELS 


(1 + bt/Av) 


Eq. (9) is plotted in Fig. 5 as a design chart for stiff- 
ener section No. 2 of Table 1 on an average stress basis, 
for a given bulkhead spacing. It is again pointed out 


40 


| 
KV It 
a aN yO 5| 
& 30 
ae" 
O | 
O 


x10 25% |LIONG 
| BAL ANGE D ZEIE 


a 
| 
No 


| 
| 
b 


Ultimate allowable average stresses for 
stiffener panels in compression. 
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that the constant slope term of Eq. (9) does not neces- 
sarily hold outside of the range of L/po indicated in 
Fig. 4, or for stiffener shapes not closely related to those 
of Table 1. 

RIVET SPACING 


So far, the effects of variation in rivet spacing have 
not been accounted for in developing Eq. (9), which is 
strictly applicable only for a rivet spacing of one inch 
(see footnote of Table 1). 

According to Howland,‘ the compressive stress in the 
sheet between rivets is a maximum when it is equal to 
a Euler stress. However, below the critical slender- 
ness ratio, the sheet will not develop a Euler stress. 
A study of available data, covering a variation in rivet 
spacing ranging from d = */, in. to 7 in. for a consider- 
able number of 24ST panels stiffened with extruded zee 
sections, revealed the following points of interest: 

(1) When the ultimate load P carried by any given 
panel was plotted against the rivet spacing d as the only 
variable, it was found that for the same ratio of d/t, 
curves for different stringer sections of various panel 
lengths were all parallel lines. 

(2) In the short column range, these curves were 
approximately straight lines, while in the long column 
range, they were of the Euler shape. 
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(3) The slope of the curves in the short column 
range was approximately 2300 lbs. per in. of variation 
in rivet spacing d, for a sheet thickness of ¢ = .072, 
corresponding to a slope factor of 478 times the slender- 
ness ratio 


d/p = 20/3d/tv/c’ = (3.465/+/c’)d/t 


Howland assumes that a narrow strip of sheet be- 
tween rivets receives no support from the sheet on 
either side, which is reasonable in view of the type of 
failure usually occuring in the sheet. He then assumes 
an end fixity coefficient of c’ = 4 for the elemental strip 
between rivets, considering the clamping effect of the 
rivet heads. However, the sheet midway between 
stiffeners is not restrained at the nodal points by rivet 
heads, but is free to form waves alternating in direction, 
at each nodal point adjacent to the region of failure. 
Hence, only a small increment of the total width of 
sheet between stringers has fixed-end restraint. Inte- 
grated across the entire panel, it might be expected that 
for usual stiffener spacings and sheet thicknesses, the 
effective value of c’ for the entire sheet width between 
rivets would be slightly greater than the minimum value 
ofc’ = 1. This is verified by the empirical slope factor 
of 478, the usual 24ST short column formula having a 
slope factor of 527/+/c’. The value of c’ developed 
by these test panels is then approximately c’ = (527/ 
478) = 1.2. It will be slightly conservative to assume 
the minimum value of c’ = 1 for the sheet between 
rivets. The critical slenderness ratio is 78 for 24S7, 
from which the critical value of d/t is, from Eq. (10), 


(11) 


below which the sheet between rivets acts as a short 
column, and above, as a long column. 

The portion of the total load carried by the sheet, 
from Eq. (3), is the hypothetical quantity Kb'”*t for a 
rivet spacing d = 1 in. Hence, for any rivet spacing 
less than d/t = 22.5 this term becomes 


(10) 


22.5 


(d/t) crit, = 78/3.465 = 2 


Kb™*t — 527 X 3.465(d — 1/t)bt 


and for any rivet spacing greater than d/t = 22.5, using 
the Euler relationship, the term becomes 


Kb™*t — —.1/d2)bt 


Eq. (9) will now be written in its final form for any 
rivet spacing, asfollows: Ford/t < 22.5, 


= {Ao[k — (527/c”*)(L/po)] + 

Kb™*t — 1825b(d — 1)}/(Ao + bt) 
and for d/t > 22.5, 
F,, = {Aolk — (527/c'*)(L/po)] + 


Kb’*t — 8.42 — 1/d2)}/(Ao + bt) 
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END-FIXITY 


All test data considered in developing the formula 
were for flat-ended specimens (ends milled parallel). 
The constant value, 357, for the slope factor of Eq. (9) 
indicates the end-fixity coefficient as ¢ = (527/357)? = 
2.18, where 527 is the slope factor for c = 1 in the 
straight line column formula for 24ST. Several tests 
were run by the Consolidated Aircraft Corporation for 
the specific purpose of establishing an end-fixity coeffi- 
cient for flat-ended sheet stiffener tests. Some speci- 
mens were tested on knife edges, the axis of loading be- 
ing approximately coincident with the neutral axis of 
the sheet-stiffener combination at failure. Because of 
the fact that the neutral axis shifts as the load is in- 
creased beyond that necessary to cause buckling in the 
sheet mid-way between stiffeners, it was necessary to 
adjust the location of the specimens on the knife edges 
until a maximum failing load was obtained in the testing 
machine. Specimens of the same sizes were then tested 
with the conventional flat ends. The results of these 
tests appear in Fig. 6, indicating that in the short 
column range of local crippling failures, the stresses de- 
veloped are not appreciably affected by end conditions. 
However, in the long column range, the curve for knife- 
edged specimens is approximately tangent to a Euler 
curve for c = | while the flat-ended specimens developed 
considerably higher stresses in the neighborhood of 
c = 2orgreater. This indicates that c = 1.5 is a safe 
value for conventional sheet-stiffener design. 


CONCLUSIONS 


In consideration of the physical significance of the 
parameter R it might appear at first glance that the 
formula does not agree with buckling theory for thin 
sheet under edge compression, since RX is a function of 
1/b, independent of ¢. However, this is explained by 
the fact that R is an average stress parameter, and if 
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stresses. 


effective width of sheet is used in deriving R to obtain 
an actual stress parameter R’ based on effective area of 
sheet (acting at the actual stringer stress) instead of 
total area, then R’ becomes a function of ¢/b, which is 
consistent with buckling theory. Hence, in obtaining 
average stresses (or total load per stiffener) where the 
actual stress variation in the sheet is not being consid- 
ered, there is no inconsistency in the fact that R as de- 
fined is independent of ¢, and the uncertainty of effective 
sheet width is avoided. 
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Book Reviews 


American Wings, by CaptaIN Burr Leyson; E. P. Dutton 
and Company, Inc., New York, 1938; 214 pages. 

There can never be too many books which create pride in 
American aviation. Captain Leyson has written an informative 
as well as interesting book giving an excellent idea of the work of 
military and naval aviation and some acquaintance with prac- 
tically all of the civil aviation activities. The book is admirable 
for young men, giving as it does the essentials of the history, 
experiences, and achievements of aviation. 

Of particular interest are the chapters on commercial avia- 
tion, with which the author is especially familiar. Stratosphere 
flight, night flying, parachutes, soaring flight, and private flying 
are among the subjects treated. It is an exceptionally well 
organized book. 


Science and Mechanisation in Land Warfare, by DonaLp 
Portway; Chemical Publishing Co., Inc., New York, 1939; 
155 pages, $2.50. 

This book was primarily intended as a textbook to be used in 
connection with lectures given by the author at Cambridge 


University. While it deals broadly with the engineering aspects 
of modern warfare, it devotes some pages to the airplane as one 
of the new developments in tactics. A chapter on the scientific 
training of the R.A.F. officer indicates the broad scope of the 
engineering training of an officer in an air force. 

It supplies in non-technical language the principles and some 
of the details underlying the scientific side of the wars of the 


future. 


History of the 135th Aero Squadron (from July 2°35 to November 
11, 1918), by PercivaAL Gray Hart; Chicago, 1939; 178 pages. 

There have been many statements made that no American 
made airplanes and no Liberty engines reached the front or were 
used in combat during the World War. This history will refute 
such inaccurate statements. The DH-4 and Liberty engines 
made in the United States were effectively used by this squadron 
in bringing down German planes. 

The book is obviously written for officers who were members 
of the squadron but is the kind of history that adds credit to 
the part our pilots took in the conflict. 
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Institute Notes 


SECOND ROTATING WING AIRCRAFT MEETING 


The Philadelphia Branch of the Institute will hold the Second 
Rotating Wing Aircraft Meeting on November 30 and December 
1, 1939 at the Benjamin Franklin Institute in Philadelphia. An 
interesting and instructive program of papers covering all phases 
of the subject is being prepared and will be printed in the Novem- 
ber issue of the Journal. There will be a joint meeting with 
aviation clubs and groups on the evening of Thursday, November 
30th, at which papers of popular and semi-technical interest will 
be presented. On Friday, December Ist, there will be two tech- 
nical sessions with luncheon between and a banquet in the 
evening. Agnew E. Larson is Chairman of the Planning and 
Working Committee. The other members of the committee are 
John S. Kean, Dr. Alexander Klemin, W. Lawrence LePage, 
Ralph H. McClarren (Secretary), Richard H. Prewitt, and E. 
Burke Wilford. 


ANNUAL MEETING, 1940 


The Eighth Annual Meeting of the Institute will be held on 
January 24, 25, and 26, 1940, in New York. Through the cour- 
tesy of Columbia University the meeting will be held in the Pupin 
Physics Laboratories. The following Sponsors and Alternates 
have charge of the arrangements for the respective technical 
sessions. 

Aerodynamics I 

Eastman N. Jacobs, Sponsor 

Dr. W. B. Oswald, Alternate 
Aerodynamics IT 

Dr. H. L. Dryden, Sponsor 

Dr. C. B. Millikan, Alternate 
Aircraft Design 

C. H. Chatfield, Sponsor 

Fred Weick, Alternate 
Air Transport 

J. A. Herlihy, Sponsor 

Commander D. W. Tomlinson, Alternate 
Fatigue (Aviation Medicine) 

Dr. Ross A. McFarland, Sponsor 

Dr. Harry G. Armstrong, Alternate 
Meteorology 

Commander F. W. Reichelderfer, Sponsor 

Dr. C. F. Brooks, Alternate 
Power Plants, Fuels and Oils 


L. F. Hobbs, Sponsor 
S. D. Heron, Alternate 


Radio and Instruments 


Dr. W. G. Brombacher, Sponsor 
Dr. L. M. Hull, Alternate 


Structures 


Prof. John E. Younger, Sponsor 
E. E. Lundquist, Alternate 
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NEw OFFICERS 


At a meeting of the Council of the Institute held on September 
29th, Major Lester D. Gardner was elected Executive Vice-Presi- 
dent and C. E. Sinclair, Secretary. George R. Forman was 
elected Business Manager and Joseph J. Maitan, Controller. 


CHANGES IN MEMBERSHIP GRADES 

At the same Council meeting action was taken to merge the 
grades of Industrial Member and Pilot Member with the grade of 
MEMBER and changes were made in the qualifications for 
MEMBER to include applicants formerly classified as Pilot or 
Industrial Members. 

In addition, the stipulation was made that all applicants for the 
grade of Associate Fellow be recommended by four members 
of the Institute, two of whom must be Fellows or Associate Fel- 
lows. 


GIFTS TO THE ARCHIVES 


In response to the request made by the President of the In- 
stitute to members to add to the Archives by sending books, 
clippings, pamphlets, etc., several valuable and interesting gifts 
have been received. 

Major James H. Doolittle sent two boxes of old clippings. 
These contained two items, dated December 18, 1903, which de- 
scribe the first flights of the Wright Brothers at Kitty Hawk. 
Clippings which appeared a few days later gave the first inter- 
views with the Wrights regarding their invention. From these 
early dates on, the clippings give a general story of the advance of 
aviation. They supplement the Berg and Ramsey collections 
described in the September issue of the Journal. Other mem- 
bers of the Institute who have old clippings will find that they 
will be of great value to the Archives when carefully filed and 
made available for reference. 

Another gift of importance was received from Albert S. Hein- 
rich. He presented the library with a set of early books on avia- 
tion, including the first three volumes of Aeronautics, the first 
two volumes of Fiy, and the first volume of Aircraft. Another 
rare book in his collection was a translation, by Dr. Hunsaker, 
of Eiffel’s book The Resistance of the Air and Aviation. 

F. R. Weymouth sent the first two volumes of Aviation. The 
British Air Ministry sent several handbooks on aviation. Many 
other members have sent books which, with the books received 
from publishers, have added greatly to the value of the Archives. 

In the near future an announcement of the greatest importance 
to the Archives is to be expected. Apparently members and 
friends of the Institute are cooperating to expand the present col- 
lection, in the belief that complete and well indexed material of 
this kind will render a valued service to aeronautics. 


CHANGES IN MEMBERSHIP 


Each month the Journal will announce changes in membership 
in the Institute. The following changes have occurred since the 
1939-40 Membership Roster went to press. 


ELECTED TO MEMBER GRADE 


= Stanley Alfred, M.I.Ae.S.; Chief Engineer, Hughes Aircraft 
0. 


(Continued on next page) 
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Corwin, Elbert Franklin, M.M.E.; M.I.Ae.S.; Instructor, Dept. 
Aero. Eng., Rennselaer Polytechnic Inst.; Managing Director, 
Mt. Whiteface Meteorological Observatory. 

Hospers, John Johannes, M.I.Ae.S.; Lt., U.S.N.R.; U.S. Navy 
Field Sve. Representative, Vought-Sikorsky Aircraft, United 
Aircraft Corp. 

Houghton, Howard David, M.I.Ae.S.; Chief Draftsman, Douglas 
Aircraft Co. 

Koriagin, Vsevolod Basil, M.S. in Ae.E.; 
Engineer, Lockheed Aircraft Corp. 

Perry, Julian Packard, B.S. in Ae.E.; M.I.Ae.S.; Chief of Struc- 
tures, Pitcairn Autogiro Co. 

Pratt, Wallace Everette, M.I.Ae.S.; Director, Standard Oil Co. 
of N.J. (See W.W. in A.; A.M. of S.) 

Reisner, Joseph Henry, M.I.Ae.S.; Sales Engineer, Aircraft 
Accessories Corp. 

Rummel, Robert Wiland, M.I.Ae.S.; Chief Engineer, Rearwin 
Aircraft & Engines, Inc. 

Sadler, Everit Jay, B.S.; M.I.Ae.S.; 
Co. of N.J. 

Seamons, Joseph Paul, B.S. in C.E.; M.I.Ae.S.; Chief Engineer, 
Solar Aircraft Co. 

Philip Triest, B.S.; M.I.Ae.S.; Pres., 

Corp.; Pres., Sharples Solvents Corp. 

Wynne, John S., LL.B.; M.I.Ae.S.; Attorney-at-Law and Avia- 

tion Adviser. 


M.I.Ae.S.; Senior 


Vicé-Pres., Standard Oil 


The Sharples 


BRANCHES 


A dinner meeting of the Branch was held on 


Los Angeles. 
In a paper entitled ‘‘Notes on the Design of Big 


September 8th. 
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Boat Hulls,” E. G. Stout of the Consolidated Aircraft Corpora- 
tion summarized new research on the effects of hull dimensions, 
and described the Consolidated method of building and testing 
dynamically similar flying-boat models. The paper was illus- 
trated by a reel of motion pictures showing the model tests. 
A second paper was presented by Dr. W. L. Howland of the 
California Institute of Technology on ‘‘What Can We Expect 
from X-Ray Inspection?’ The progress of current research on 
quantitative measurement of imperfections in castings and forg- 
ings and the correlation between X-ray indications and physical 
properties were reported. The meeting was attended by about 
100 members. 


Rensselaer Polytechnic Institute. A meeting of this Student 
Branch was held on September 21st. Prof. P. E. Hemke spoke 
on the C.A.A. flight training program emphasizing the fact that 
it is a civil rather than a military venture. Robert Aldrich spoke 
on flying at the Troy Airport. Prof. A. U. Fairbanks gave a 
summary of the proposed program for the year, and Mr. Beil 
and R. J. Cox described the activities of the ‘‘Glider Club.” 


Seattle. A meeting of the Branch was held on August 23rd. 
Joseph Abies, Flight Operations Manager for United Air 
Lines, presented a paper on ‘“‘What Airlines Desire in Aircraft.” 
Captain Felix Jones, Pilot for United Air Lines, gave a companion 
paper on “What Pilots Desire in Aircraft.’’ An interesting dis- 
cussion followed the presentations. 148 members and friends 
attended the meeting. 


Book Reviews 


The Air Force of To-Day, by E. C. SHEPHERD; Blackie and 
Son, Ltd., Glasgow, 1939; 206 pages, 5s. 


American readers of The Aeroplane will take an especial interest 
in this book, since it will acquaint them with the style of the new 
Editor who is to succeed Mr. C. G. Grey. Mr. Shepherd has 
been aeronautical correspondent for The Times of London for 
many years. After graduating from Oxford he served with the 
R.A.F. during the war, and has continued to make flights with 
the service squadrons on some of their hazardous as well as rou- 
tine operations. 

The title of the book would give the impression that its subject 
matter is confined to the Royal Air Force as it is today. It has, 
however, a much wider scope. Sir Kingsley Wood writes: ‘In 
this book Mr. Shepherd has produced an absorbing and informa- 
tive account of the development and work of the Royal Air Force 
and of the part which it plays in our scheme of National De- 
fense.”’ 

To understand the present status of the R.A.F. it was necessary 
to trace its beginnings and vicissitudes before and during the war. 
This Mr. Shepherd does without the bias of a proponent for a 
centralized air force. He does show how the flying services were 
limited in their operations by the Army and Navy and the diffi- 
culties encountered by General Trenchard in his attempt to give 
air power a function other than a service of observation and com- 
munication subordinated to the older arms. 


These early ideas on aerial strategy and tactics laid the founda- 
tion for the new conception of the employment of aircraft, 7.e., 
to carry attack beyond the military and naval objectives to the 
industrial and political centers of an enemy. One of the out- 
standing features of the book is the character study of Lord 
Trenchard, who will always be regarded as one of the most far- 
sighted leaders military aviation has produced. 


In his study of the development of the Air Force, Mr. Shepherd 
discusses many of the debatable problems of air power which only 
a major utilization of this new arm can solve. He quotes T. E. 
Lawrence in comparing bombers with fighters, ‘‘Range is more 
to strategy than force” and gives both sides of the argument. 

He gives a clear account of the relationship of the British Navy 
to the Royal Air Force and shows that, while the Navy has been 
given command of all ship borne aircraft, the R.A.F. still retains 
the sea patrol squadrons, procurement, and training services. 

It will be surprising to many to read that the R.A.F., with its 
70,000 officers and men, to say nothing of the Auxiliary Air Force, 
the various Reserves, and the R.A.F. Volunteer Reserve, is a 
bigger force than the British Army. More money is spent on the 
R.A.F. than on the Army. 

The book is much more than a study of one air force. It gives 
the philosophy behind all the work of military aviation of today 
and uses the experience of the R.A.F. to interpret it. It isa book 
that will be read with great interest by the commands of air 
forces in other countries, as well as in Great Britain. 


A.R.P. and High Explosive, by Mayor-GENERAL H. L. Pritcu- 
ARD; Duckworth, London, 1938; 51 pages, 1s. 

Protection against high explosive bombs is the most difficult 
as well as the most expensive of all forms of air raid precautions. 
General Pritchard supplements the many booklets by the A.R.P. 
Division of the Home Office, by explaining how destructive 
H.E. bombs can be and how the individual can be protected. 
He then gives designs for air raid shelters which will be bomb- 
proof. 

Reading this book, which is written by an expert in his field, 
indicates the impossibility of providing adequate protection for 
any large number of people against air raids when large size 
bombs are dropped. 
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The Aircraft Year Book for 1939, edited by Howarp MINGos; 
Aeronautical Chamber of Commerce, New York; 580 pages, 
$5.00. 

The twenty-first edition of this indispensable annual of avia- 
tion in the United States exceeds all previous editions in size and 
completeness. The whole range of American aeronautics for 
1938 passes in review both in text and in pictures. The contents 
are based on information obtained from official sources and can 
be regarded as technically accurate. 

In the chapter on ‘‘Air Power in 1938’’ emphasis is placed on 
the role of bombing planes in international affairs. ‘‘The most 
persuasive force in international relations in 1938 was the raiding 
airplane. It dominated the political thoughts of the world.” 

Of great significance are excerpts from the Annual Report of 
the National Advisory Committee for Aeronautics and recom- 
mendations which show the need for the earnest and serious sup- 
port of scientific research and the encouragement of experimental 
engineering development directed toward putting the results of 
laboratory research into useful form. 

The sections on the government aviation services, the indus- 
try, aeronautical organizations, and activities represent standard 
reference sources in these fields. 

As in other editions, the drawings of new American aircraft 
and power plants are excellently done. This part of the book isa 
continuing history of aeronautical engineering in the United 
States. The statistical sections are, as usual, invaluable. 

The editor and all those who have contributed to the prepara- 
tion of the book merit the sincere appreciation of all those who 
wish to keep abreast of the technical progress made in the United 
States in the field of aviation. 


Jahrbuch 1938 der Deutschen Versuchanstalt fiir Luftfahrt 
E.V.; Berlin-Adlershof, 1939; 692 pages. 

It is of course not possible to do justice to a book of this kind 
in a review of reasonable length. It contains the collected re- 
search reports of the D.V.L. for the year 1938. A brief descrip- 
tion of the subject matter of the various sections will give some 
idea of its scope. 

It begins with a 13 page description of the organization and 
activities of the D.V.L. There follow 92 papers by members of 
the various Divisions and Institutes comprising the organization. 

General contributions on aircraft include papers on the drag 
of radiators, the minimum resistance of high speed airplanes, the 
induced resistance of heavily loaded propellers of a finite and in- 
finite number of blades, considerations regarding propeller drives 
for high speed airplanes, and new instruments for aeronautical 
research. 

Included under the heading ‘‘Aerodynamics Institute’ are 
papers on wing oscillation experiments, three-component meas- 
urements on parachute caps, and axial thrust measurements on 
large propellers. 

One paper, on the influence of deflection and keeling on landing 
impact is included under the Institute for Marine Aviation. 

Contributions by the Institute of the Mechanics of Flight 
include remarks on the results of Prandtl’s wing theory, funda- 
mentals and results of the lifting line theory, lift distributions 
and aerodynamic coefficients for elliptical and non-elliptical 
wings, results for elliptical wings with step-wise constant and 
linear variation of angle of attack, pressure distribution over a 
wing of any shape, flight experiments to determine the air forces 
on airplanes during violent maneuvers, turning and rolling os- 
cillations of airplanes, frequency of occurrence of various loads on 
airplane wings, and maximum load and frequency of gust loads 
on commercial airplanes. 

Contributions under Structures include effect of stiffness 
variation on the strength of statically indeterminate wings, 


strength variation due to breakdown of a single part of wings 
of more than one spar, experiments with stiffened cylindrical 
shells loaded at one point, use of the energy method in stability 
problems, analysis of flat sheets above the buckling limits, and an 
analysis of the influence of size on the flutter of wings. 

Papers in Materials give the influence of casting defects on the 
strength of light metal castings, the fatigue strength of thin walled 
tubes, tensile strength of chromium-molybdenum steel tubing 
under varying stresses, influence of cross-section on the tensile 
strength of soft steel castings, diffusion of silicon in steel, re- 
crystallization and recrystallization temperature of Aluminum- 
Magnesium alloys, effect of the specimen selection on the strength 
characteristics of light metal castings, dynamic strength charac- 
teristics of light metal alloys at low temperatures, notch effect 
and influence of cold shaping on durability, determination of the 
thickness of Eloxal layers, and the application of plastics to air- 
plane construction. 

General contributions dealing with Power Plants include test 
stands for high altitude research, altitude performance of engines 
based on performance measurements under ground conditions, 
super-sonic ducts and ballistics, and the shape of light airplane 
engine pistons. 

The next section includes papers on altitude performance of a 
high speed single cylinder engine, construction and operation of 
superchargers, the gyro supercharger, characteristics of inline or 
multi-stage superchargers, supercharger drives, gas turbine con- 
struction, investigations of roller bearings at high rotational 
speeds, and the new single cylinder test installation of the D.V.L. 

The following section on engine theory and thermodynamics 
includes papers on precautions to improve power consumption of 
the Otto engine, performance and economy of overloaded Otto- 
cycle engines, reactions of overloaded Diesel engines, altitude 
behavior of pre-chamber Diesel engines, jet developments and 
the size of droplets in fuel injection, control of high exhaust gas 
temperatures through cooling of exhaust gas turbine, stroboscopic 
measurements, an electrical switch for operating a cathode ray 
tube and drum chamber, and experiments on wires in tension. 

Papers on propulsion include oscillating requirements and dur- 
ability of Electron-propellers, propeller bending oscillations, 
gyroscopic effect of the propeller on the natural frequency of an 
engine mount, use of soap films for the solution of stress problems, 
optical measurements of tension, and an _ electro-magnetic 
indicator. 

There follows a paper on fundamentals of laboratory and en- 
gine testing of lubricating oils. 

The next section, on Gasdynamics, includes papers on cooling 
in high altitude flight, and heat transmission and generation from 
profiles and plates. 

A section on physical problems includes articles on 3 meter 
waves, double frame bearing, beam groups with rotating phase, 
the sound field of a propeller, noise reduction in airplane cabins, 
electrical installations on airplanes, clamp connections for 
cables of light metal strands, theory of the cross-coil apparatus, 
pendulums with long period, and effects of moderate vibration 
on measuring instruments. 

Papers on photography describe production of highly sensitive 
infrared emulsions of high quality, and a method for increasing 
the sensitivity of silver halide gels. 

A section on aviation medicine comprises two papers, on ef- 
fects of centrifugal forces on blood pressure and pulse frequency, 
and the influence of vibration on the human organism. 


Conquest of the Skies, by PETER MERIN; John Lane, The 
Bodley Head, London, 1938; 312 pages, 12s. 6d. 

This is another history of flight but it is presented in a new 
manner. It is particularly interesting in the early chapters, 
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which treat the legendary, mythical, and religious aspirations 
of man to fly. Interest is sustained by ‘‘thumb-nail sketches’’ 
of many great flights and comparisons between the early and 
more recent achievements. 

The literary style of the book sets it apart from other historical 
works on aviation. The writing is at times brilliant and the 
motives behind and the results of the various accomplishments 
are interpreted from a broad cultural standpoint. It may not 
be too much to say that it is the first fully imaginative history 
of the idea of human flight. It certainly gives to the long line 
of theorists, visionaries, experimenters, inventors, and pioneers 
full credit for lofty and selfless idealism unadulterated for the 
most part by any thought of gain or power. 


The Influence of Air Power on Inter- 


Bombs Bursting in Air: 
Reynal and 


national Relations, by GEORGE FIELDING ELIOT; 
Hitchcock, New York; 173 pages. 

Some of the earlier writings and lectures of Mr. Eliot did not 
seem to be very sympathetic toward the potentialities of a 
strong air force. Possibly more careful investigation and the 
experiences of recent employment of aircraft have given him a 
better understanding of air power. Certainly there is little in 
his present book that the most ardent aviation proponent could 
disagree with. He even goes so far as to make the sweeping 
statement: ‘‘The history of civilized mankind shows us but 
three such revolutionary military inventions: discipline, gun- 
powder, and the airplane.” 

Such innovations as steam, the submarine, and armor are not 
included. The extremely important place he gives the airplane 
is, briefly, that for the first time in warfare the means of striking 
directly at the seat of the power of a nation, the citizens, the 
capital, the industrial, commercial, and political centers are 
available without first having to overthrow the armed forces 
which protect them. 

It would be easy to differ with the author’s estimate of the 
airplane strength of European powers. The figures are as of 
March 1, 1939, and would seem to be on the conservative side. 
However, since all published figures on this particular subject 
are rough estimates and since numbers represent only one of the 
factors determining air strength, one guess is as good as another. 

The production estimates are not nearly as reliable as the 
strength figures. If Great Britain is only producing 400 air- 
planes a month it is surprising, and if they can only produce 600 
a month on a war basis, the shadow factory scheme has not 
been as successful as we have been led to believe. Also, if the 
Soviet Union is producing only 250 airplanes a month it is difficult 
to believe their full strength is 5000, first line and reserve. It 
is a field for interesting speculation and Eliot’s attempt is of 
interest because it may be assumed that he had access to good 
sources of information. 

There can be little controversy with the claim that it would 
require from 600 to 1200 planes to carry out an hourly attack on 
a large and well-defined target. Such numbers are now com- 
mon talk in aviation circles. 

The chapter on the possibility of the United States being 
attacked from the air gives the latest thought of military experts 
and, while reassuring, does open possibilities that our defense 
forces have to consider. 

The utilization of air power for international blackmail merely 
shifts this diplomatic force from navies to aircraft. Formerly 
the threat of blockade or of destroying lines of commerce could 
only be effective with countries having sea power or trade. 
Since coast lines are obliterated by air power, the threat of a 
bombing can be used against countries regardless of their location. 

The conclusions of the author as to the extent of the air power 
needs of the United States is a review of the best thought as 
expressed by our aviation leaders, military, naval, and civilian. 

Bombs Bursting in Atr is a timely contribution to the grow- 
ing literature on air power. Conservative and constructive in 
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tone, well fortified with facts and figures, and presented by a 
skillful and informed writer on military and naval matters it 
will be helpful in arousing the American public to the poten- 
tialities of this new development in arms. 


The Royal Air Force Year Book, 1938, compiled by LEoNaRD 
BriIpGMAN; Gale and Polden, Ltd., Aldershot, 1939; 232 pages. 

No volume hitherto published has given such a comprehensive 
view of the Royal Air Force and the air forces of the components 
of the British Empire. Of particular interest at the moment are 
the characteristics of the leading British aircraft which are given 
in surprising detail. 

Chapters on the role of the Air Force and the comparative 
budgets or estimates since 1929 give an excellent idea of the great 
expansion that has taken place during the last ten years. The 
operations at home and abroad, the organization of the Air 
Ministry, and a history of each R.A.F. squadron add to the com- 
pleteness of the Year Book. 

The Fleet Air Arm is described in a separate chapter which 
explains the new status of this service and gives descriptions of 
the aircraft carriers of the British Navy. The history and or- 
ganization of the Air Forces of Canada, Australia, New Zealand, 
South Africa, India, and Eire as well as those of the Crown 
Colonies of Ceylon, Rhodesia, Kenya, and the Straits Settle- 
ments are presented briefly. 

Leonard Bridgman has again compiled a handbook which will 
be useful in following the activities of the R.A.F. during the 
present war, in which air power is expected to play such an im- 
portant part. 


On Top of the World, by Lazak BRONTMAN; Covici-Friede, 
New York, 1938; 343 pages, $3.00. 

Dealing with the 1937-38 Soviet. expedition to the North 
Pole, this book describes an unparalleled aviation achievement— 
the transport of a scientific party and complete equipment for a 
long stay at the North Pole. Backed by the resources of the 
U.S.S.R., Professor Schmidt, the leading Russian exponent of 
Arctic exploration and a scientist of reputation, was given a free 
hand in organizing the expedition. Four men, headed by Ivan 
Papanin, whose interest in the Arctic was aroused when he 
traveled to Franz Josef Land to take the mail from the airship 
Graf Zeppelin, were to establish a camp as near the North Pole 
as possible and make scientific studies and observations of the 
drift of ice floes. 

Four four-engined specially designed cargo airplanes and a 
twin-engined scout plane were built to meet the exceedingly 
difficult requirements of a polar flight. Some of the greatest 
Soviet pilots were to fly the party and equipment to an aerdrome 
of ice near the Pole. 

The first half of the book, written by a journalist who accom- 
panied the expedition, relates the story of the flight to the base, 
about fifty miles from the Pole. The latter part describes the 
many months of scientific work by Papanin and his associates, 
and their eventual rescue off the shore of Greenland by Russian 
ice breakers. 

The story of the flights from Moscow to the last land base on 
Rudolph Island and the establishment of headquarters near the 
Pole have been described in newspapers and magazines and 
shown in the news reels. However, none of these give the inti- 
mate and dramatic story that is to be found in this book. A 
keen observer and an experienced writer, Brontman not only 
presents the facts but adds human interest to the story. The 
reader experiences the anxiety of preparation, the fears and 
dangers of the flights north to the several intermediate landings, 
the impatience with the bad weather conditions, and, finally, the 
thrill of successful accomplishment. When the book is put aside 
there remains the memory of an aviation accomplishment which 
will probably not be excelled for many years to come. As an 
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indication of the sturdiness of Russian airplane and engine con- 
struction, the determination and skill of Soviet aviators, and the 
sacrifices that men are willing to make for scientific research and 
the glory of Soviet ideals, the book is outstanding. 


The “Empire” Marine Aircraft Deck Log Book; Brown, 
Ferguson and Sons, Ltd., 1939; about 80 pages, $1.50. 

For operators of air transport this log book will be a useful 
guide to the preparation of such data as may be required by the 
management and engineering departments for the statistical an- 
alysis of flights. It is designed to be used by flying boats on the 
British Empire routes, though it would be useful to any air trans- 
port company operating over great distances. Any company 
interested may obtain a sample sheet by writing to the Institute. 


The International Air-Post Album; Scott Publications, Inc., 
New York, 1939 edition; about 400 pages, $7.50. 

The collecting of air mail stamps and covers has almost become 
an industry in itself. If reliable estimates could be obtained on 
the extent to which philatelists have contributed to the revenues 
of air transport, particularly to first flights, the figures would un- 
doubtedly be surprising. 

The 1939 edition of this album confines its scope to air mail 
stamps. Many illustrations of stamp designs are included. It 
contains spaces for every major variety of Government issue of 
Air Post Stamps listed in the Standard Postage Stamp Catalogue 
and adds statistical data, dates of issue, and historical information 
on outstanding flights. 

The pages are 10 X 11'/2 inches and are conveniently bound in 
loose leaf form. 


Standard Catalogue of Air Post Stamps; Nicolas Sanabria, 
Inc., New York, 1939; 661 pages. 

The ninth edition of this standard catalogue gives the stamp 
collector a complete guide to all air post stamps in the world up to 
1939. The inclusion of semi-official air post stamps and a list of 
flight covers of U.S. pioneer flights make the book particularly 
complete. 


Aviation, or, Human Flight Through the Ages and Aviacién, 
el Vuelo Humano a Través de los Siglos, by Ernest E. WALKER; 
Aeronautics Education Foundation, Washington, D.C., 1939; 
132 pages. 

The author has condensed into this small book a readable 
history of flight. Starting with the ancients and tracing the 
technical development of the airplane the author proceeds to give 
the leading achievements as exemplified by famous flights. 

He has translated the book and brought out editions in English 
and Spanish simultaneously. 

As a presentation of the essentials of the history of flight this 
work gives a clear picture of man’s conquest of the air. 


1938; Corporation, Ltd., 


Straightaway Review, Straight 
1938; 70 pages. 

Mr. Whitney Straight has, since 1935, been developing an 
integrated service for British civil aviation. He has built a 
chain of airports and organized flying services and schools of 
instruction. This book is the first annual edition of a monthly of 
the same name and gives the scope and activities of the Straight 
Corporation. Its style of presentation could well serve as a 


model for any company engaged in aviation activities. 


Lightplane Flying, by WoL_rGANG LANGEWIESCHE; Pitman 
Publishing Corporation, New York, 1939; 213 pages, $2.50. 

At a time when so many young men are preparing for training 
in light airplanes, a book such as Lightplane Flying will be not 


only useful but highly practical. The author does not deal in 
generalities about flying but gives facts, figures, and costs. He 
introduces the novice to this comparatively new type of airplane 
and gives convincing statements as to its economic and safety 
features. 

The most intriguing part of the book will be the explanation of 
the many inexpensive ways of learning to fly. The old idea of 
the high cost and long period of training required for flying in- 
struction is changed to a new and simple plan which seems al- 
most as easy as learning to drive an automobile. 

The book will supplement flying instruction and save much 
valuable time, since it outlines what the student must learn and 
gives many valuable hints on flying technique. 

The manufacturers of light planes will find the book a most 
attractive sales manual. It will change the attitude of many 
people toward flying. Advice on how risks may be minimized, 
expenses cut, instruction easily secured, and the many oppor- 
tunities for pilots are given. 


Simplified Flying, by Bos Swirt and At KnovurF; Aircraft 
Directory, Athens, Ohio, 1939; 51 pages, $1.00. 

This booklet is written by a pilot for whom broad claims are 
made regarding the brief interval of instruction required before 
his students will solo. It does not purport to be a complete flying 
course but rather gives the bare essentials required of a student 
while he is taking his first instruction. With this limitation it is 
readable, factual, and informative, and is calculated to allay 
what fears the embryo pilot may have during the early hours of 
his instruction. However, considering the law of supply and 
demand, the number of books on piloting which are available 
should bring the price of this as well as others down. 


The Complete Flying Course, by N. Roy Harspen; C. Arthur 
Pearson, Ltd., London, 1938; 92 pages, 5s. 

This handbook is unique in its presentation. On the left 
hand pages the air lessons are given, and, on the right, ground 
lessons explaining the maneuvers appear. Action, effect, re- 
marks, and explanations are given in parallel columns with a 
diagrammatic sketch of each maneuver. The material is di- 
vided into specific lessons and the student is advised to read the 
text before a given lesson is executed. 

The combination of diagrams and explanations makes each 
maneuver particularly clear. The book should serve its purpose 
admirably. 


Learning to Fly, by FRANK A. SworrerR; Sir Isaac Pitman and 
Sons, Ltd., London, 1939; 169 pages, $2.25. 

When a book on flying instruction survives the test of ten 
years’ practical use and appears in its fifth edition, its reputation 
Mr. Swoffer, who has been a flying instructor for 
many years, has brought the chapters up-to-date and incor- 
porated in them the observations of his students. The result is 
a clear and direct instruction book which gives a beginner the 
rudiments of the art. It should be in great demand during the 
period of expansion of our pilot personnel. 


is obvious. 


Fly With Me, by Vicror Ricketts; Hurst and Blackett, 
Ltd., London, 1939; 94 pages, ls. 

If a flying instructor had a dictaphone by his side on the 
ground and in the air while he was teaching a pupil and had the 
records transcribed and printed in a booklet, the result would be 
such a book as Fly With Me. It dramatizes the mistakes of the 
pupil more than the usual manual of flying, and, as it claims, 
gives a description of “‘the technique of flying learned from your 


armchair.” 
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Aerodynamics 


The Italian Research Station. Layout of Guidonia research establish- 
ment and equipment are discussed and illustrated. Characteristics of the 
following are given: Fiat G.50 single-seater fighter monoplane (840-hp. 
Fiat A.74 R.C.38 engine, maximum speed 304 m.p.h. at 12,500 ft.); Macchi 
C.200 single-seater fighter monoplane (840-hp. Fiat A.74 R. C.38 en- 
gine, maximum speed 313.6 m.p.h. at 15,750 ft.); Fiat C.R.42 single-seater 
fighter biplane (340-hp. A.74 A.C.38 engine, maximum speed 271 m.p.h. at 
13,100 ft.); and the Fiat A.74 R.C.38 engine. Reference is made to the 
Nardi F.N. 305 trainer, the Piaggio three-engined high-speed experimental, 
the four-engine bomber of medium size, and the small high-wing Breda 88. 
Area of flaps on these airplanes are briefly discussed , and construction of the 
Savoia-Marchetti S.85 twin-engined single-scater midwing dive bomber is 
mentioned. Many photographs taken at the first International Conference 
of the Aeronautical Press are included. Aircraft Engineering, July, 1939 
pages 269-272, 280, 20 illus., 4 tables. 

Aeronautical Research. Uneven progress in research ascribable to the 
inherent difficulty of aerodynamics is shown in the report of the Aero- 
nautical Research Committee for the year 1938, according to this editorial. 
Research results obtained in the reduction of aircraft resistance and im- 
provement of stability and control which are in the forefront of the report 
are discussed in detail. Increase in experimental equipment including five 
new wind tunnels under construction at the National Physical Laboratory, 
and a 10 X 7 ft. tunnel for the study of phenomena at wind speeds up to 
600 m.p.h. at the Royal Aircraft Establishment are referred to. 

The free-flight tunnel now being developed in the United States is said to be 
presenting a good deal of experimental difficulty. Before steps are taken to 
adopt the method in England, a more comprehensive trial is being given to a 
promising technique in which a model undergoing wind-tunnel test is sup- 
ported with a restricted number of degrees of freedom. Comments are 
given also on research results obtained in other branches of aeronautical 
engineering. Engineering, August 11, 1939, pages 171-172. 

The Work of the D.V.L. F. Seewald. Paper previously abstracted 
from preprint, and discussions by Sir Henry Tizzard, H. Roxbee Cox, E. F 
Relf, G. P. Douglas, Major B. C. Carter, and others, as well as the author’s 
reply. Jour. Royal Aeronautical Soc., July, 1939, pages 508-545, 23 illus., 1 
table. 


Aircraft Design 


An Elementary Study of the Spin. J. H. Crowe. Yawing moment due 
to fin and rudder; weathercock stability; incipient spin; sequence of events 
when the ailerons are put over to stop the initial roll; slots to preserve stabil- 
ity, and ailerons and interceptor gear for control; method of calculating the 
steady spin assuming that all data needed are available; example of spin 
calculation; types of spin; mass distribution influence on the steady spin; 
spinning properties of monoplanes; effect of changes in wing loading; the 
inverted spin; problem of satisfactory recovery from the established spin; 
rolling and pitching couples; physiological effects; recovery procedure; and 
pitch oscillation. Concluded. Very long bibliography is included. Air- 
craft Engineering, July, 1939, pages 273-278, 3 illus., 1 table, 5 equations. 

Simultaneous Equations. A. R. Collar. Method recently published 
by Capt. J. Morris for the solution of linear algebraic equations is considered, 
and it is shown how the statement of the method and the proof of its con- 
vergence may be greatly condensed by the use of matrices. An alternative 
computational scheme is presented which involves far less recording of 
numbers, and therefore less risk of error, than that proposed by Morris. 
Aircraft Engineering, July, 1939, page 279, 9 equations. 


Stress Analysis and Structures 


Efficient Utilization of Aircraft Tubing. J. Mueller. Since heat treat- 
ment of the welded structure of chromium-molybdenum steel aircraft tubing 
is not feasible, a method has been patented in Germany whereby each section 
of tubing is welded to a short but thicker reinforcing end tube before heat 
treatment. Welding of the reinforced section after heat treatment localizes 
the soft heat-affected zone in the thick reinforced end tube. Welded tubular 
assemblage thus utilizes the full strength of the thin heat-treated tubing. 
The wall thickness of the end section is such that the section may be designed 
on the basis of annealed steel without reducing the strength of the structure. 
Under static tensile and compressive stress (fatigue tests not having been 
made) it is obvious that the reinforced tubing meets requirements. Column 
action of the reinforced tubing could not be predicted but was found by 
test to be satisfactory. Results show that column strength of welded tubing 
made by the new method is superior to that of unreinforced tubing up to the 
1/r ratios of 75 most commonly used in aircraft. Tests were made at the 
Focke-Wulf Aircraft Company, Germany. Abstract from Luftfahrtforsch- 
ung, January 10. Welding Jour., Welding Res. Sup., August, 1939, page 270, 
2 illus. 

Fatigue Problems in the Aircraft Industry. K. Arnstein and E. L. Shaw. 
Possible causes of fatigue phenomena in airplanes and airships, sources and 
probable occurrences of dynamic loading, and the contributing factors which 
produce and accelerate fatigue. Cyclic and non- -cyclic load variations on 
parts of an aircraft and the factors which cause local increase in stress and 
contribute to fatigue are considered. Problems of fatigue of girders, spars, 
struts, wires, cables, pulleys, joints and fittings, as well as container and 
power-plant problems are discussed. 

The author recommends a completely automatic instrument which would 
record directly all the maximum tensile and compressive stresses ever reached 
on an aircraft, as well as the number of cycles of several different ranges of 
stresses. Instrument should be connected at all times to the aircraft and not 
require attention more than a few times a year. An instrument approaching 
these <— is being developed by the Goodyear-Zeppelin Company 
for the U.S. Navy on the principle suggested by L. H. Donnel which is to 
utilize b ae strain in the member to actuate a number of ratchets attached 
to counters. A few details are given. Metals & Alloys, July, 1939, pages 
203-209, 10 illus. 

Structural Research in Aeronautics. A. G. Pugsley. An appreciation 
of, and some comments on, G. Pugsley’s article in the June issue are 
given by J. D. North. Aircraft Engineering, July, 1939, page 280. 


Aircraft Maintenance 


Check and Double Check. Capt. C. S. Irvine. Maintenance methods 
of the U.S. Army Air Corps are discussed in great detail. Aviation, July, 
1939, pages 24-27, 6 illus. 

Maintenance Training. W.M.Thompson. Special course of 
at the Maintenance Engineering School of Parks Air College is described i 
detail. Aviation, July, 1939, pages 32-34, 7 illus. 

Servicing Our Flying Fleets. Comm. F. B. Stump. Maintenance of 
aircraft of the U.S. Navy Bureau of Aeronautics is described with special 
reference to problems in corrosion, barnacles, engines, and instruments, 
> a gene of maintenance and research. Aviation, July, 1939, pages 
28-51, 5 illus. 


MAINTENANCE EQUIPMENT 


Aviation’s Maintenance Note Book. Shop gadgets and shop practices 
involving new and useful ideas are illustrated with a line or two of explana- 
tion, including: apron service jacks; maintenance of wheels and brakes; 
airplane overhaul; work stands; devices for handling and testing engines 
and propellers; engine-overhaul apparatus; electrical and radio mainte- 
nance equipment; instrument-overhaul devices; and methods of overhauling 
hydraulic systems. Aviation, July, 1939, pages 35-50, 121 illus. 

Maintenance in Non-Scheduled Operation. Devices developed at the 
Booth- Hemming maintenance base, at the Bredouw Airmotive Corpora- 
tion repair shop, and at the California Flyers, Inc. base. Aviation, July, 
1939, pages 51-53, 90, 23 illus. 

A Retractable Tap. Phillips telescopic taps or Phillescopes, used in 
Short Sunderland and new G-class flying boats, and by Hawker and Blackburn 
aircraft companies. Until the tap is fully extended no water can escape. 
Cylindrical fixed portion of the tap, has a flange for attachment and extends 
inwards into the tank. A sleeve contains the outlet port and slides inside 
the fixed portion. When tap is pushed in for closing it can be turned through 
nearly 90° to lock it and seal a washer firmly against an adequate bearing 
surface. Brief note and drawing. Aeroplane, July 26, 1939, page 132, ‘ 
illus. 


Aircraft Manufacture 


The Economics of Aircraft Production. O. Oeckl. Principles on which 
the designing of the plant and equipment necessary for aircraft production 
should be based are discussed with special reference to the work of the 
Henschel aircraft factory. With careful preselection of the method of de- 
sign. and, particularly, construction of the jigs, it is shown that the cost of 
jigging and tooling can be lessened by making them suitable for a number of 
different components. Development cost of the introduction of a new type 
of airplane can thus be greatly reduced and the inevitable delay in turning 
over to its production can be very much cut down. Construction of solid, 
and even massive, types of jig, which are obviously advantageous when 
production is envisaged, need not necessarily be uneconomical if the founda- 
tions are designed in such a way as to be capable of being used for a number 
of different types of superstructure so that they can be readily adapted to 
take new components. 

Chart shows that something approaching true mass-production methods 
of the automobile factory has been attained, or at any rate how the curve is 
being gradually brought nearer toit. Photographs of various jigs and a table 
indicating the possibility for the repeated use of jig parts are included. 
Translation. Aircraft Engineering, July, 1939, pages 287-290, 9 illus., 2 tables. 

Flush Riveting Considerations for Quantity Production. D. R. Berlin 
and P. F. Rossmann. Paper and discussions on the advantages of the 
Martin 115-degree flush-rivet head (B. C. Boulton), and on the Douglas 
technique of flush riveting, in comparison with Curtiss Technique (V. H. 
Pavlecka). S.A.E. Jour. (Trans.), August, 1939, pages 325-333, 27 illus., 3 
tables. 


Aircraft Refuelling in Flight 


The Flying Petrol Station. An account of a demonstration of refueling 
the Canopus flying boat in the air from the Harrow tanker refueling plane. 
Aeroplane, August 2, 1939, page 167, 2 illus. 

Refuelling in Flight. Preparations have been made by Flight Refuelling, 
Ltd., for the refueling operation to be carried out in the air on the aircraft 
to be employed in the British Atlantic air-mail service on their return journey 
from Botwood. Precautions to be observed against electrostatic effects 
which arise from differences in potential between the two machines, from 
frictional electricity in the pipe lines, from electrification by splash in tanks, 
and from receiver and nozzle coupling are pointed out. Equipment avail- 
able at present for experimental purposes and for establishing the Atlantic 
air-mail service is described in detail. It includes four ‘‘Harrow’’ bombing 
machines and an Armstrong Whitworth A.W. 23 airplane equipped for both 
receiving and tanking for experimental purposes. Long article also covering: 
the process of refueling in the air; historical review of flight refueling de- 
velopment; theoretical considerations; methods of assisting take-off; re- 
fueling as applied to an airliner (performance, performance after engine 
failure, stability, and effects on payload and range); and methods of jettison- 
ing fuel. Engineer, August 4, 1939, pages 122-126, 17 illus. 


Aircraft 


A Type Display at Brussels. At the ‘‘Exposition des Prototypes,’’ held in 
connection with the Brussels Aeronautical Exhibition, there were no proto- 
types on view, as all were fairly well known, although some had not been 
shown to an international public before. Comments are given on flight 
exhibits of the following: Fokker G.1 twin-fuselaged formidably armed air- 
plane (two Bristol Mercury engines); Klemm 35 (90-hp. Hirth engine); 
Koolhoven F.K.52 two-seater biplane; Junkers 87 dive bomber; Hanriot 230 
advanced trainer; Arado 79 two-seater; Hummond two-seater (45-hp. 
Zundapp engine); and the Focke-Wulf Condor and Junkers Ju 90 four-en- 
gined airliners. Aeroplane, July 26 1939, page 110, 1 illus. 
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AERONAUTICAL REVIEWS 


GERMANY 


Dornier Do-26 Long Range Flying Boat. Dornier Do-26 catapultable 
long-range flying boat has wing-tip floats retracted into the wings in flight, 
and is intended to fly the North Atlantic. Four Junkers Jumo 12-cylinder 
heavy-oil engines, each developing 600 hp., are placed in tandem, the for- 
ward engine driving a tractor propeller directly, and the rear engine a pusher 
propeller through gearing. To protect the rear propellers against spray 
from hull chines when taking off, the rear portion of each mounting, to- 
gether with rear engine, shaft, and propeller, can be tilted up through an angle 
of i0°, equivalent toa vertical movement of the propeller of 15.6in. Mount- 
ings assume their normal position as soon as the boat is in the air and 
the two halves of the mounting constitute a continuous streamlined struc- 
ture in normal flying position. Wing span 98.5 ft. Overall length 80.5 ft. 
Overall height 22.5 ft. Useful load 21,640 ib. Gross weight 44,090 Ib. 
Maximum speed at sea level 208 m.p.h. Cruising speed 193 m.p.h. Land- 
ing speed 68.4 m.p.h. Maximum range 5600 miles. Long description with 
detailed three-view drawing, and photographs of the interior. Aero Digest, 
August, 1939, pages 138-141, 11 illus. Similar drawings and photographs 
of engine uncowled as well as a brief explanation of the engine tilting arrange- 
a and mention of the water radiator. Les Ailes, July 20, 1939, page 8, 7 
illus. 

The Gotha Goes High. New height record for two-engine light airplanes 
was set up on July 5 when the Gotha Go. 1505S (two 50-hp. Zuendapp engines) 
reached a height of 26,400 ft. (8048 meters), beating the previous interna- 
tional height record for light airplanes in Class C-3 (airplanes with engine- 
of 2- to 4-liter capacity), held by Major Brazda of Brunn, in a Tatra monos 
plane with a height of 24,450 ft. The Go. 150S took 1 hr. 24 min. to reach its 
ceiling, the height of 7000 m. being reached in 1 min. Machine had been 
modified slightly from the standard Go. 150 and was flown without cowlings, 
fairings, or cabin equipment and with oxygen apparatus. This is the first 
time that engines of such low horsepower have exceeded 26,000 ft. Brief 
note. Aeroplane, August 2, 1939, page 170, 1 illus. 

The Heinkel He 115 Flying Boat. The Heinkel He 115 which, during a 
long-distance flight, crashed over the South Atlantic, was a three-place tor- 
pedo and general-purpose seaplane of all-metal construction of dural. Two 
B.M.W. 132-N 9-cylinder radial engines developing 850 hp. at 3400 meters. 
Wing span 22.2 meters. Weight empty 5305 kg. Total weight 9100 kg. 
of which a military load is 885 kg. Maximum speed 300 km./hr. near the 
ground, 335 km./hr. at 3400 meters. Cruising speed at 40 percent power 
at 3400 meters 295 km./hr. Climb to 2000 meters in 8.5 min., to 4000 meters 
in 18 min. Range at cruising speed 2100 km. Short note giv ing these and 
other details. Les Ailes, July 20, 1939, page 9. 


Great BRITAIN 


The Blackburn Skua. The Skua I is the first monoplane to be adopted 
for the Fleet Air Arm as well as the first two-seater fighter dive-bomber for 
the Navy, and is primarily designed for use in aircraft carriers. Way in 
which the wings may be folded, in spite of the difficulties imposed by comb- 
ing it with the installation of a retractable undercarriage, is pointed out. 
To provide buoyancy in the event of forced descent onto the water, various 
water-tight compartments are provided in the wings and in the fuselage, 
and the cockpit itself is water-tight up to the coaming. The Skua can main- 
tain a heavy fire on its target from fixed guns in the wings while diving to 
bomb it, and heavy bombs can be launched directly onto their target by the 
simple process of aiming the whole airplane at the target, and releasing the 
bomb in the dive. Speed is kept down to about 280 m.p.h. by special air 
brakes or diving flaps of a modified Zapp type which can be pulled down when 
diving at top speed. Even when flaps are lowered at very high flying speeds, 
there is little change of trim. 

Bristol Perseus XII 9-cylinder aircooled sleeve-valve radial engine pro- 
viding 830 hp. for take-off and rated at 745 hp. at 2400 r.p.m. at 650 ft. 
Wing span 46 ft. 2 in. As a two-seater fighter, weight empty 5490 Ib.; 
oil (10 gal.) 90 Ib.; maximum speed at 6500 ft. 225 m.p.h. and at sea level 
204 m.p.h. Asa drogue- target tower, weight empty 5490 lb., military load 
1381 Ib.; oil (6 gal.) 54 lb.; maximum speed 229 m.p.h., and at sea level 
205 m.p.h. Maximum cruising speed at 15,000 ft. 189 m.p.h. No par- 
ticulars as a dive bomber. Very long detailed description of design and con- 
struction, flying controls, power plant, hydraulic and pneumatic systems, 
characteristics and performances, and cross-sectional drawings showing loca- 
tion of equipment and structure, as well as many photographs. Aeroplane, 
August 9, 1939, pages 192-195, 174, 8 illus. Long detailed description with 
cutaway drawing showing location of equipment and structure of the wing. 
Flight, August 10, 1939, pages 125-131, 12 illus. 


The Bristol Bombay Bomber-Transport. All-metal high-wing cantilever 
monoplane being produced in the Short and Harland Works at Belfast for 
the R.A.F., is powered by two Bristol Pegasus XII engines with Rotol three- 
bladed adjustable-pitch propellers. It is designed and equipped for alter- 
native duties of troop carrying, bombing, or transporting either fuel, water 
or spare engines. Crew of four consists of pilot, navigator/radio operator, 
and two gunners. Three 180-gal. auxiliary tanks can be carried in the main 
fuselage as equipment for long-range flying, and can be refueled by pressure 
from outside or with assistance of an internal pump. Main portion of fuse- 
lage can be arranged to provide seating accommodations, luggage racks and 
breathing tubes for 24 fully-armed troops. Seating can be removed to pro- 
vide for various bomb loads, ten stretchers, spare motors, three fuel tanks. 
or three water storage tanks. Dome of the hydraulically operated gun tur- 
ret in the tail can be jettisoned by withdrawing two locking pins and pulling 
two handles. Span 95ft.9in. Weight empty 13,800 Ib. and loaded 20,000 
lb. Maximum speed 192 m.p-h. at 6500 ft. Cruising speed 160 m.p.h. at 
10,000 ft. Climb to 15,000 ft. 20 min. Maximum range at 160 m.p.h. 
2230 miles. Very long description with cutaway drawing showing location 
of equipment and type of structure and with characteristics and performance. 
Aeroplane, August 2, 1939, pages 157-160, 8 illus. Long detailed descrip- 
tion. Flight, August 3, 1939, pages 103-107, 12 illus., 1 table. 


The Phillips and Powis Miles Master. ‘‘Most advanced and fastest of 
all the World’s training aeroplanes, the Phillips and Powis Miles Master, 
with a 715 h.p. Rolls-Royce Kestrel XXX liquid-cooled motor, is now in 
full production Be ay for the training of the Royal Air Force... . . The 
Miles Master is the fastest wooden aeroplane ever to go into production and 
the prototype is probably the fastest all-wood aeroplane ever built.’ 

Miles Master two-seater tandem single-engine low-wing cantilever mono- 
plane has retractable undercarriage and constant-speed propeller. Wing 
loading 25.4 Ib./sq.ft. Maximum speed 250 m.p.h. at 15,000 ft. Cruising 
speed 216 m.p.h. at 15,000 ft. Time to climb to 5000 ft. 3 min. Landing 
speed 64 m.p.h. Service ceiling 28,000 ft. Cruising range 440 miles. Long 
detailed description of layout, construction, power plant, and accommoda- 
tion, as well as characteristics and performance. Aeroplane, July 26, 1939, 
pages 128-132, 127, 12 illus. 

Production on Belfast. Photographs of stages in production of Bristol 


Bombays in the Short and Harland Works at Belfast, and of the Handley- 
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Napier Dagger engines) as produced by the 


Page Hereford (two 1000-hp 
August 9, 1939, pages 190-191, 5 illus 


same company. Aeroplane, 


ITALY 


Italy’s New World Record. Italy has established a new world’s record for 
distance in a closed circuit, subject to homologation by the F.A.I. Lt. Col 
A. Tondi, Capt. R. Dagasso, Pilot F Vignoli, and Sergeant A. Stagline cov- 
ered a distance of 8040 miles in 56 hr 30 min, at an average of 142.4 m.p.h 
Three-motor monoplane was used, ‘“‘which must almost certainly be the new 
Piaggio long-range monoplane with biplane flaps’’ described in the July 12 
issue. The Italians also broke the speed record over 6214 miles at 147 m_p.h. 
Brief note Aeroplane, August 9, 1939, page 175. 

Bellanca Model 14-9. Model 14-9 full-cantilever low- wing three-seater 
monoplane. Ken Royce 5F 90-hp. engine. Wing span 34 ft. 2 in. Maxi- 
mum speed 135 m.p.h. Cruising speed 120 m.p.h. at 3000 ft. Cruising range 
420 miles. Long description. lero Digest, August, 1939, page 137, 3 illus 

The Case for the Low-Wing Trainer. P. Wilcox. Advantages which the 
low-wing trainer has shown in every-day training use, and in particular the 
Ryan S-T sport trainer used at the Ryan School of Aeronautics. Reference 
is made to the YPT-16 purchased by the U.S. Army Air Corps for the pri- 
mary training of cadet pilots. U.S. Air Services, August, 1939, pages 20-21, 
1 illus. 

Harlow PC-5 Trainer. New all-metal low-wing airplane primarily in 
tended for military training has a fuselage slightly narrower and more ellipti- 
cal than the PTC-2, and seats its occupants in tandem. Flaps are of the 
perforated split trailing-edge type electric: lly operated, and may be stopped 
in any position within the maximum of 45°. Warner Super Scarab 145-hp. 
engine. Wing span 35 ft. 9.75 in. Wing loading 12.31 Ib./sq.ft. Maxi- 
mum speed 170 m.p.h. Cruising speed 160 m.p.h. Landing speed 45 m.p.h. 
Rate of climb 850 ft./min. Service ceiling 16,500 ft. Cruising range 600 


miles. Description. Aero Digest, August, 1939, page 133, 3 illus. Short 
description. Western Flying, August, 1939, page 28, 1 illus. 
Rearwin ‘‘Cloudster.’’ High-wing strut-braced two-seater monoplane 


available as the Model 8090 (90-hp. Ken-Royce 5F engine) and as the Model 
8125 (120-hp. 7F Rearwin engine). Wing span 34 ft. 1.75 in. Wing load- 
ing 10.10 lb./sq. ft. for the first model and 11.125 lb./sq.ft. for the second 
model. Maximum speed for the second model 145 m.p.h. Cruising speed 
125m.p.h. Cruising range 675 miles for the Model 8090. Short description. 
Aero Digest, August, 1939, page 134, 1 illus. 


Air Transportation 


The Netherlands. J. F. Van Wickel. Listed high among the purchases 
of American aeronautical equipment, the Netherlands and the Netherlands 
Indies have bought more than $15,000,000 worth of our products during the 
past three years. One of the world’s largest air-transport companies flies 
the Dutch flag, and the Netherlands has one of the finest air forces among the 
smaller powers. Development of the KLM (Royal Dutch Airline), American 
equipment used, activities during 1938, air services operated, and other 
commercial activities are discussed. Aero Digest, August, 1939, pages 125- 
126, 128, 8 illus. 

Pagham as an Empire Base. 
base, and suitability of Pagham harbor for such a base. 
1939, pages 133-134, 1 illus. 


Requirements for an Empire flying-boat 
Aeroplane, July 26, 


Balloons 


‘‘Balloon Barrage Strategy.’’ The balloon barrage or minefield of the air, 
when hoisted in clear air, does not approximate to a minefield, but to a barbed 
wire entanglement, and it will be regarded by an enemy as an impediment 
which can be destroyed before or in the early stages of an attack. An enemy 
who intends to bomb from a great height might be grateful for the target 
indication provided by visible balloons, as he is thereby enabled to bomb 
from above them at leisure and with deliberation. It would seem then that 
there is no advantage to be gained by flying the barrage in clear air 

Concealment of balloon barrages, either partial or complete, is discussed. 
If two bombers strike two attachment cables, there will probably be a loss on 
the one side of two bombers, and the other of two balloons freed from the 
screen. If six bombers strike six attachment cables, then there would be a 
loss of six bombers on one side and a complete screen on the other. Ad- 
vantages of the German balloon barrage scheme over that of the British are 
pointed out. The Germans use a much greater number of smaller balloons, 
which are more manageable and can more quickly be hoisted or lowered. 
They replace these balloons by kites if the weather is unsuitable for balloons. 
Balloons and kites do not support a screen after the British fashion, but rather 
a number of wires attached to winches on the ground. The correct use for 
the balloon barrage would appear to be in conjunction with fighters, guns, 
sound locators, and searchlights. Aeroplane, August 9, 1939, page 176 


Miscellaneous 


The 27th Session of the I.C.A.N. Short account of meeting of the Inter- 
national Commission for Air Navigation at Copenhagen, June 6 to 12. 
Aeroplane, July 26, 1939, page 134 

The Frankfurt International Meeting. Cc. G. Grey. An account of the 
international meeting of sports pilots from July 27 to 31 and the annual race 
meeting on July 30, and a brief account of a visit to the national gliding con- 
test at the Wasserkuppe. Motor cars and trailers used for seaplane trans- 
port are referred to with photographs. Aeroplane, August 9, 1939, pages 
185-189, 10 illus. 


Aircraft Instruments and Navigation 


Kollsman Direction Indicator. Kollsman Type 488B direction indicator, 
intended primarily for mounting in a horizontal position, employs a moving 
pointer which continuously shows the direction against a fixed dial. Brief 
note lero Digest, August 9, 1939, page 150, 1 illus. 

Aeronautical Charts. New and revised editions of aeronautical charts 
now available from the U.S. Coast and Geodetic Survey, including 21-DF 


radio direction finding chart, regional charts, and sectional charts. Brief 
note. Aero Digest, August, 1939, page 105 
Airport Equipment 
Diesel Electric Sets for Emergency Power. Caterpillar Model 34-15 


and 44-20 completely self-contained Diesel-electric sets for small airports are 
of 15- and 20-kw. capacity. They are designed to be operated by personnel 
without special training. No special bases, rheostats, switchboards, or in- 
struments are needed. Both models are supplied in three-phase, 110-, 220- 
or 440-volt types, as well as single-phase 110-220 volt three-wire types 
Aero Digest, August 9, 1939, pages 149-150. 
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Portable Lighting System for Airports. Trippe portable airport-runway 
lighting system comprises 20 two-reflector lights powerful enough to illumi- 
nate a field 1000 ft. long and 200 ft. wide. Individual lights are staggered 
100 ft. apart on both sides of a 1000-ft. field. Each light is powered with its 
own storage battery, and throws out a V-shaped beam. Brief note. Aero 
Digest, August 9, 1939, page 150, 2 illus. 

Pre-Fabricated Steel Hangars. Blaw-Knox predesigned steel hangars 
may be obtained complete and erected by the purchaser or by the company's 
special erection service. Standard line will include single-span widths up to 
100 ft., but larger sizes will be available. Construction includes lead flashing 
under ‘the roof ridge cap to insure weather tightness, interlocking caps 
through the roof and wall sheet to allow for expansion and contraction. 
Underside of joint channel is crimped to eliminate capillary attraction, to 
ventilate the joint, and to raise the flow point, thereby reducing corrosion 
possibilities. Brief note. Aero Digest, August 9, 1939, page 149. 


Ice Elimination Equipment 


Icing Viewed by a Chemist. J. Wiser. The possibility that an electro- 
static charge is produced on the metal airplane due to the exhaust gases is 
mentioned, and chemical phenomena in the formation of ice on an airplane 
are explained to account for the violence of the phenomena of icing in regions 
where the possibility of formation is unsuspected. If the point of impact of 
the wing could be considered the catalyzer of icing, this formation could be 
hindered by replacing the fixed point of impact by a movable point during the 
period of the danger of icing. One suggestion consists of placing along the 
leading edge of the wing small sharp- angled cones arranged at short dis- 
tances apart and rotated by the flow of air. Their rotation would produce a 
deflection of the water in surfusion which would prevent the phenomenon 
of icing. 

Various methods of eliminating ice formation on the wings of aircraft are 
briefly reviewed including the Goodyear system, the process used by British 
commercial aircraft, and heating of the wing. Les Ailes, July 20, 1939, 
page 8, 1 illus. 


Aerial Photography and Mapping 


Some Recent Developments in British Surveying Instruments. Major- 
General M. N. MacLeod. Recent developments of the ground surveyor’s 
principal instrument, the theodolite, and of air photographic-surveying 
instruments are discussed from the optical standpoint. The F.24 standard 
British service air camera, the seven-lens camera developed at the Royal 
Aircraft establishment, the Z.D.15 stereoscope, the Thompson comparator, 
and automatic plotting machines (including two experimental stereogoni- 
ometers based on Fourcade’s design made for the British War Office) are dis- 


cussed. References are made to work of the British Air Survey Committee 
Physical Society paper. Engineering, August 4, 1939, pages 149-151, 7 
illus 


Testing Apparatus 


Instantaneous Fluid-Pressure Recording Equipment. S. E. Goodall and 
R.B.Smith. Pressure to be measured produces small capacity changes in a 
pressure unit, which are translated into large current changes in an oscillo- 
graph element. Unit to which the pressure is applied is a small air con- 
denser which forms one arm of a four-arm bridge to which high-frequency 
voltage is applied. Output of bridge is a modulated high- frequency voltage, 
modulation being proportional to the change of capacity of the pressure unit 
for small variations. This signal is amplified and rectified thereby producing 
a unidirectional current proportional to fluid pressure which operates one 
element of an oscillograph. Apparatus can be used for measurement of 
pressure surges in almost any type of apparatus, but was developed to record 
the pressure developed in tanks and arc-control meagan of high-voltage 
switchgear when tested under short- circuit conditions. Long detailed de- 
scription of apparatus, and an estimation of gas-bubble size. Engineering, 
August 4, 1939, pages 127-129, 9 illus., equations. 


Materials 


Automotive Materials—New Developments. Pigmented version of G.E. 
Glyptal 1294 Clear to prevent adhesion of weld spatter when applied to 
parts before welding. ‘‘Baking Platelustre’’ reproducing colors of many 
metals. ‘‘Triple Casting’’ method of producing piston rings. Short notes 
on these new developments. Automotive Industries, June 15, 1939, pages 
702, 738. 

British Standard Specifications. Revised specifications for liquid and 
jelly gelatin glues for aircraft purposes are mentioned in a very brief note 
listing principal modifications. Specifications for hexagonal headed bolts 
(high-tensile steel) and hexagonal brass nuts are referred to in another short 
note. Aircraft Engincering., July, 1939, pages 279, 290. 


Metals 


What Is New in Heat-Treating Methods, Materials, Processes. FE. F. 
Davis. Control of grain size as facilitating development of new steels and 
modifications in heat-treating processes; modern progress in the steel mill; 
employment of the Carbometer and Turbidimeter; lime-silica ratio; newer 
deoxidizers employed to aid steel quality; the internally heated immersion 
bath in salt-bath hardening; dry cyaniding with ammonia gas as eventually 
obsoleting cyanides and activated baths; gas carburizing as gradually sup- 
planting box carburizing; large heat-treating units for carburizing quench 
washing and tempering mechanically; a gas carburizing furnace which elimi- 
nates use of a muffle; principle of tube combustion or radiant heating which 
is being used extensively in atmosphere-controlled furnaces for sheet and 
strip annealing, furnaces for short-cycle malleable annealing, and other heat- 
treating applications; and the present status and future possibilities of 
induction hardening. S.A.F. Jour. (Trans.), August, 1939, pages 351-356, 
3 illus. 


CORROSION AND PROTECTIVE COATINGS 


The Corrosion of Metals. ©. P. Watts. 
considered and four types of corrosion are derived fromit. Discussion covers: 
the electrochemical series; discharge potential of hydrogen; applications 
of the electrochemical series; corrosion by reduction in valence of a metal 
already in the electrolyte; corrosion by displacement of a metal; corrosion 
by visible displacement of hydrogen gas; inhibitors; the magical effect of 
amalgamating zine; arsenic inhibiting corrosion of a pipe line to a copper 
blast furnace; and passivity. To be continued. From Bulletin of the 
University of Wisconsin. Engineer, August 11; 1939, pages 166-168, 1 
table. 

Corrosion Resistance of Aluminum Cylinder Heads. L. W. Kempf and 
M. W. Daugherty. | Major forces in the corrosion of aluminum-alloy cylinder 


Faraday’s law on corrosion is 


heads is the composition of the cooling water, according to the investigations 
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described. High chloride concentrations are relatively much more corrosive 
than abnormally high concentrations of other salts commonly occurring in 
natural waters. Amounts of chloride large enough to cause objectionable 
corrosion of aluminum cylinder heads are often present in automobile cooling 
systems when the cars leave the factory, and the source may be soldering 
flux or sal ammoniac used for sealing porous castings. Erosion caused by 
direct impingement of water of high velocity on exposed aluminum surfaces 
also is a major factor in the problem. Elimination of erosion by adequate 
gasket design is apparently easily achieved. Even in the presence of both 
causes corrosion can be greatly reduced, if not practically eliminated, by 
using soluble oil as a corrosion inhibitor. Cylinder-head alloy and temper 
and gasket material are relatively insignificant factors in the corrosion of 
aluminum cylinder heads. Automotive Industries, August 15, 1939, pages 
156-159, 169, 6 illus. 


IRON AND STEEL 


The Valve Spring as a Metallurgical Problem. M. Bonzel. A chromium- 
manganese-silicon steel was selected by the author’s firm as it seemed to 
combine the maximum advantages for the manufacture of valve springs. 
Optimum quenching temperature was in good accord with the dilatrometric 
diagram and fatigue limit passed through a maximum for a drawing tempera- 
ture of 840-875°F. Such drawing restores the elongation to a notable ex- 
tent without appreciably diminishing tensile strength and elastic limit. 
Warping during quench was investigated also. 

Results obtained by M. Piquet on a silico-manganese steel without chro- 
mium as well as those found by M. Cazaud on a chromium-molybdenum- 
silicon steel are discussed and compared with those obtained by the author's 
firm. A special machine developed by Etablissements Bohin for endurance 
tests of wires for valve springs is described. This machine takes specimens 
without special machining of the ends permitting the study of important 
effects of surface condition. Automotive Industries, August 15, 1939, pages 
150-155, 7 illus. 

Grain Size of Steel. N.F.Wardand J.E. Dorn. Abnormality and hard- 
enability, their relation to heat-treating practice, and effects of austenitic 
grain size on service properties of variously heat-treated steels. Abnormality 
among pack-carburized steels, relation of grain size to quench-cracking sus- 
ceptibility, and adaptability of hardenability information to plant control 
are also covered. Continued. Metals and Alloys, July, 1939, pages 212 
218, 6 illus., 2 tables. 


Non-Ferrous ALLoysS 


F. Keller, 

G. W. Wilcox, M. Tosterud and C. J. Slunder. Fundamental facts regarding 
the oxidation characteristics of various micro-constituents of aluminum alloys 
revealed by the described investigation, may be employed to explain varia- 
tions in results obtained in the anodic oxidation of commercial aluminum 
alloys. Different constituents evidently have different oxidation characteris- 
tics and these characteristics determine to some degree the results obtained 
when various types of aluminum alloys are treated by the anodic oxidation 
process. Electrolytic oxidation characteristics were determined on a special 
group of samples made from high-purity aluminum (99.95 per cent Al) and 
high-purity alloying metals. Metals & Alloys, July, 1939, pages 219-225, 
38 illus., 1 table. 

Japanese Claim New Alloy for Aircraft. . Two members of the Tokyo 
Imperial University’s Aeromechanical Research Institute claim to have 
compounded a new light alloy metal called ‘‘extra-superduralumin,’’ or 

‘S.S.B."’ The new metal is compounded of aluminum, copper, zinc, man- 
ganese, magnesium, and other metals, and is declared to be immune from all 
climatic conditions. Compared with the British R.R. 77 which has a tensile 
strength of 45 kilos, S.S.B. is said to have a tensile strength of 53 kilos. 
Brief note. Automotive Industries, August 15, 1939, page 185. 

Magnesium and Its Alloys—Recent Developments in Great Britain. 
J. L. Haughton. Research on the effects of the addition of new elements to 
magnesium and of the different methods of working these alloys is being 
undertaken and an investigation is being made of the constitution of a num- 
ber of these alloys (mostly binary) in order to assist in the study of chemical 
properties. The small amount of work which has been done on the alloys 
for use at high temperatures is discussed. Increased production of metal 
and use of alloys, lines of research, and measures being taken toward improve- 
ment of mechanical properties are reviewed, and some results obtained 
in the National Physical Laboratory’s investigations described. Industrial 
and Engineering Chemisiry, Ind. Ed., August, 1939, pages 969-971, 3 
illus., 2 tables. 

The Melting of Light Alloys. A.J. Murphy, S. A. E, Wells and R. J. M 
Payne. Grain size and methods of controlling it. Grain refining additions, 
stability of alloys containing niobium, difference in melting technique be- 
tween aluminum and magnesium alloys, and grain size of metal charged are 
discussed. Concluded. International Foundry Congress paper. Metal 
Industry, July 14, 1939, pages 33-35, 5 illus., 1 table. 

The National Physical Laboratory. To meet the increasing demand for 
simple and rapid, yet accurate, methods of calibrating the extensometers 
used for measuring elongations and strains in testing materials, the Engineer- 
ing Department has developed a calibrating apparatus comprising means for 
operating the extensometer positively through distances accurately controlled 
by slip gages. Extensometer is assembled upon a divided rod of which the 
upper part is rigidly attached to a massive frame, while the lower portion 
can move relative to the part in an axial direction and is screwed into a 
larger diameter rod or plunger lapped to fit in the frame base. Description 
of this equipment as well as a review of research being carried out on fatigue 
properties of materials, lifting gear, damping capacity, fretting corrosion, 
calibration of other testing machines, creep, and pipe flanges. To be con- 
tinued. Engineering, August 4, 1939, pages 143-145, 2 illus., 2 equations. 

Pin Hole Detector. G. A. Caldwell. A 0.015-in. hole in flat-rolled prod- 
ucts can be detected at speeds of 100 to 1000 ft./min. by means of the device 
described which is a special kind of Phototroller designed to meet a specific 
set vi conditions. Hole detector consists of a light source, phototube housing 
and control unit, while the marker consists of control unit, operating solenoid 
and tachometer generator. Detector may be used in conjunction with a 
hole marker only, with a hole marker and standard classifier, or with a classi 
fier having an additional pocket besides those for under- and over-gages, and 
into which pocket the pieces with holes are discharged. Description of 
detector and marker. J/ron Age, June 29, 1939, pages 26-28, 4 illus. 

Fundamental Nature of Welding. D. E. Babcock. [Effects of heating 
velocities, carbide diffusion, and carbide melting in electric spot, flash, and 
resistance welding. Among these processes, there should be certain very 
fundamental chemical and metallurgical effects which could be readily 
interpreted or predicted from the equilibrium data, if the proper application 
of diffusion kinetics were applied to the welding process in conjunction with 
chemical equilibrium restrictions. Time element is of major importance. 
The equilibrium diagram for the carbon-iron alloys is shown and discussed 
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to clarify the explanation of melting as it occurs during welding. The condi- 
tion which arises from the extrusion of the carbide-rich liquids into the 
cooler portions of the metal matrix is discussed. On purely theoretical prin- 
ciples it is pointed out that the weld line structure illustrated is ferritic and 
low in carbon content, a conclusion arrived at by both metallographic studies 
and corrosion properties. Chemical proof of weld composition is given. 
Welding Jour., August, 1939, pages 477-479, 3 illus., 1 table. 

Notes on Welding Practice. J. G. Waterworth and A. R. Mowbray. 
Quality of the metal introduced by application of the filler rod in welding; 
analysis to determine the efficacy of the filler rod; inclusion of silicon for 
prevention of splashing; content of sulphur and phosphorus; employment of 
a copper-coated rod which possesses the added factor of assisting in preven- 
tion of oxidation; importance of the airframe being devoid of all redundant 
members, each being curtailed to the bare minimum and as narrow and short 
as possible; minimizing the length of the weld at intersecting tubes by keep- 
ing the tubes at as near a 45° angle as possible; necessity for making the 
tack welding as few as possible; starting the work inside the angle; and 
final welding procedure. Typical welded fuselage structure and details of 
the joints are illustrated in drawings. Aircraft Engineering, July, 1939, 
pages 290-291, 7 illus. 


Rubber 


Adhesion of Neoprene to Metal. F.L.Yerzley. The A.S.T.M. standard 
procedure (D429-36T) was examined critically as a possible means of evaluat- 
ing adhesion to metal, but was found lacking in respect to control of both 
va on the vulcanizate and flow in the mold. Modifications of the 

.M. standard adhesion test are introduced as a means of controlling 
both pressure and flow during vulcanization of test specimens. By use of a 
relatively thin layer of vulcanizate, nominally 1 in. thick, it is shown that a 
yield point develops in the load-elongation curve revealing internal failure of 
test specimens in pone A ases well before their ultimate strength is recorded. 
Adhesion of Neoprene Type E to brass is used as a means of evaluating the 
test and of demonstrating factors of commercial importance. 

Procedure is developed for use of chlorinated rubber as a Neoprene-to- 
metal adhesive, and it is shown to be applicable to steel, 18-8 stainless steel, 
copper and aluminum. Best adhesion obtainable between Neoprene and 
metal by use of chlorinated rubber is equivalent in strength to adhesion to 
brass. Industrial and Engineering Chemistry, Ind. Ed., August, 1939, pages 
950-956, 12 illus., 8 tables. 

Recent Ley with Koroseal. F. K. Schoenfeld, A. W. Browne, 
Jr., and S Brous. Koroseal plastics exhibit a wide range of physical, 
chemical, a electrical properties which can be modified by the use of suit- 
able plasticizers, loading pigments, and special compounding ingredients. 
Essentially rubberlike Koroseal stocks may be milled, calendered, extruded, 
and molded without v ulcanization into a variety of enduring products. 
Koroseal is especially valuable for uses requiring resistance to water, acids, 
alkalies, oxidizing agents, and corrosive chemicals. Physical, electrical, and 
chemical properties and applications are discussed. Industrial and Engi- 
neering Chemistry, Ind. Ed., August, 1939, pages 964-968, 12 illus., 5 tables. 


Synthetic Rubber-Like Materials. H.E. Blank, Jr. Properties of syn- 
thetic-rubber materials which are constantly being introduced to new func- 
tions in the automotive field, and their suitability for these various applica- 
tions, including: Thiokol; ‘‘Resistoflex’’ PVA, a flexible synthetic resin 
basically polyvinyl alcohol; Koroseal; Neoprene in both automotive and 
aircraft applications (Mareng fuel cell); and Perbunan. Long discussion. 
Automotive Industries, June 15, 1939, pages 696-702, 719-721, 15 illus. 


Meteorology 


A Large-Scale Upper-Air Stream Chart. G. Schinze and R. Siegel. 
Means of accurately computing winds aloft over regions where no balloon 
soundings are taken or where low clouds prevent the soundings. It cannot 
completely replace the method developed by Vernon, or its adaptation by 
George and Elliott, for computing winds aloft over land areas, because its 
accuracy is least over land, and it becomes practically zero over mountainous 
districts. Sea-level pressure in millibars less than 1000 is added to the sur- 
face temperature expressed in degrees Centigrade. This value (Se) is non- 
dimensional, but it is possible to choose a pressure surface so that isolines of 
Se value become directly proportional to the geopotential of the chosen sur- 
face. This proves to be the 756.8 mb. surface. Isolines of Se drawn in this 
way can be considered from a practical standpoint as describing the same 
wind relationship as do the more familiar isobars, although to a different 
scale. Method is worked out. Conditions when the iimit of variation of 
At (surface temperature — mean virtual temperature of the layer) at 3.8°C. 
for a change of 10 Se over the same area, is not likely to be exceeded are 
pointed out. Criticisms of the method given by R. Scherhag (Ann. der Hyd., 
June, 1939) are added. Translated from te Grossraumige Hohenstro- 
mungskarte,”’ from ‘“‘Archiv der Deutschen Seewarte,’’ Volume 58, No. 2 
1938. Am. Meteorological Soc., Bul., June, 1939, pages 258-262. 

Outline of Physics of the Clouds. ‘‘Micro-physics of the Clouds," 
W. Findeisen; ‘“Macro- physics of the Clouds,’’ W. Peppler; ‘Physical 
Synoptics of Clouds,’ T. Bergeron; translated from German by K. O. Lange 
and C. F. Brooks. Outline of the first paper covers: water clouds, condensa- 
tion nuclei, process of condensation, description of elements of condensa- 
tion, water vapor in water clouds, coalescence of drops, falling out of drops, 
and optical and acoustic phenomena in water clouds; ice clouds, sublimation 
nuclei, process and elements of sublimation, water vapor in ice clouds, coal- 
escence of ice crystals, settling out of ice crystals, and optical phenomena; 
and clouds with elements in both frozen and liquid state, simultaneous exist- 
ence of condensation and sublimation nuclei, circumstances for condensation 
and sublimation when both kinds of nuclei exist, crystallization of droplets, 
formation of water and ice clouds one over the other or side by side, and 
existence of water drops and ice crystals in the same place. 

“Macro-physics of the Clouds’’ deals with simple stratiform clouds, forms 
of multiple layers, simple cumuliform clouds, stratiform clouds developed 
from cumuliform clouds, clouds composed jointly of heaped and sheet 
clouds, and special cloud forms. ‘‘Physical Synoptics of Clouds” is devoted 
to clouds of the tropospheric air masses, clouds of the tropospheric frontal 
regions or fronts, stratosphere clouds, effects of orography and friction on 
clouds, and 14 weather zones of a hemisphere or geographical distribution of 
arate, Very short statements are given in this outline. Am. Meteorological 

Soc., Bul., June, 1939, pages 235-247 

Steateagheris. An altitude ‘‘record’”’ is claimed to have been established 
by one of the radio sounding balloons of the Danish Weather Service. Sent 
up from Aalborg, Jutland, the instruments recorded a height of approximately 
82,000 ft. Lowest temperature was recorded at an altitude of 31, 200 ft., 
—48.8°C. below zero. At 82,000 ft. the temperature was about 17° higher, 
or —32°C. Brief note. Flight, August 3, 1939, page 110. 


Fuels and Lubricants 


Automotive Materials—New Developments. Elektrion R addition agent, 
supplied by Société des Huiles De Cavel & Roegiers, Belgium, improves the 
engine oil to which it is added in regard to its viscosity index. It is pro- 
duced from mineral oils by treatment with electric glow discharges, which 
appear to effect chemical and physical changes in the oil. Elektrion R 
lowers the A.S.T.M. pour point of practically any oil to which it may be 
added, and increases the “‘oiliness.’’ Oil molecules are said to undergo a 
change during the electronic treatment which considerably increases the 
bulk of the oil, and particles of the oil after treatment have a high physico- 
chemical activity, as indicated by the fact that they clog water particles 
Owing to the higher ‘‘oiliness,’’ wear will be reduced on parts of a bearing 
surface on which the lubricant film may be reduced to molecular thickness for 
any reason. Elektrion R oil is said to dissolve the oxidation products of the 
oil and also to be a solvent for low-temperature oxidation products of motor 
fuels. Effect of Elektrion R oil additions on the viscosity index of several 
mineral oils is illustrated in a graph. Automotive Industries, August 15, 
1939, pages 155, 190, 1 illus. 


Engine Design and Research 


Aircraft, Diesel, and European Engines. Abstracts of papers presented at 
the S.A.E. World Automotive Engineering Congress (previously abstracted 
from preprints), dealing with high-output European engines, lubrication of 
aircraft engines, aircraft propeller vibration problems, and malleable iron in 
automotive production. Automotive Industries, June 15, 1939, pages 712 
715, 3 illus 

The Design of Aeroplane Ducts. G.N. Patterson. Rules to be followed 
in the design of the entry and general external shape of airplane ducts for the 
reduction of internal and external drag. Internal drag of a duct system, 
quantity of flow, duct losses, corner and diffuser designs, duct entries, external 
drag, and analysis of duct drag and leak drag are discussed in detail Air- 
craft Engineering, July, 1939, pages 263-268, 15 illus., 2 tables, 6 equations 

Detonation in Otto-Cycle Engines. H. Weinhart. Type of combustion 
of the remainder of the charge, which causes knocking, was measured once 
more, as literature on this subject provided no detailed results. Tests were 
made to decide whether a deeper understanding of the mechanism of the 
combustion process could be obtained by use of electrical apparatus. Tests 
were first carried out in a cylindrical tube, and then, with the same apparatus, 
in the engine. Three different measurements were taken but no definite 
deductions were obtained from the pressure measurements. An ionization 
method using a cathode-ray oscillograph was adopted, not to determine the 
instant of arrival of the flame front, but, from variation in the ionization 
stream, to detect chemical and thermal changes in the charge. 

In a knocking engine, ionization stream is essentially different from that of 
a detonating gas mixture, as shown by measurements, so that it is certain 
that no detonation wave occurs in a knocking engine. As temperature and 
mixture formation are not consistent throughout the combustion chamber, 
instant of the initial ignition and its location are dependent on circumstances, 
and ‘‘centers of ignition’ are produced, from which combustion progresses 
Observed negative flame velocities and their great dispersion are easily ex- 
plained by these ‘‘centers of ignition. An almost completely closed flame- 
front, such as is present with normal combustion, is therefore not present in 
the remainder of charge where knocking is produced. 

Effects of antiknocking media might be largely explained by indications 
that these delay the first reaction, or retard from inception the rate of chemi- 
cal change and so give more opportunity to the flame-front to penetrate 
throughout the remainder of charge before it is ignited by pressure rise. 
As, at the instant of occurrence of the first ignition centers, the whole of the 
remainder of the charge is ready for combustion, the latter spreads extra- 
ordinarily quickly and so a region of high pressure is produced in which 
flow is away from spark plugs and, also, where combustion is retarded by 
cooling. Since such a pressure disturbance increases during its advance, it 
may be imagined that this, when meeting a rigid wall, causes noise of knock- 
ing in same way as a detonation wave. Performance drop is due, then, to 
increased transference of heat to wall, caused by movement of gas masses 
produced by momentarily increased pressure at reflection of gas oscillations 
and consequent turbulence. Short abstract. Aircraft Engineering, July, 
1939, pages 282-283. Luftfahrtforschung, February 20, 1939, pages 74-83, 
13 illus. 

Measurements of the Flow Speed in Cylinders of Externally Driven 
B.M.W.-VI Aircraft Engines. H. Wenger. Velocity of air into the cylinder 
of a water-cooled BMW-VI aircraft engine was measured by means of a hot 
filament anemometer. This measurement was possible even if velocity and 
temperature of the air varied widely and suddenly, during the course of the 
cycle. Mean velocity of the air past the hot filament was measured over its 
length Special installation made it possible to take measurements with the 
wire element at various points in the cylinder, the recording element being 
connected in series with an oscillograph circuit to a source of current In 
vestigations were carried out on a separately driven single cylinder, using a 
B.M.W.-VI cylinder on a test bed, in order to determine the influence of the 
r.p.m., throttle opening, cooling- water temperature, and compression ratio 
on the magnitude of the air velocities in the cylinder. Curve of air veloci- 
ties during the complete cycle showed similar characteristics in all exposures. 
Motion reached its maximum during induction stroke, diminished during 
compression, and increased again during expansion and exhaust. To ob- 
tain a criterion of the influence of the r.p.m. and throttle position, mean air 
velocities for the individual strokes, and for the whole cycle, are shown in 
separate diagrams in the original article. Short abstract. Aircraft Engi- 
neering, July, 1939, page 282. Luftfahriforschung, February 20, 1939, pages 
62-73, 12 illus., 1 table, 30 equations. 

Simple Approximate Determination of Cycle Efficiency in Otto-Cycle 
Engines from the Viewpoint of Variability of Specific Heat. O. Lutz. For 
the degree of cycle efficiency of Otto engines, the influence of the variability 
of specific heat with temperature can be represented with good approximation 


by use of the formula nm = 1 — 1/e”~ 1, if mis chosen equal to the adiabatic 
coefficient for the expansion process. Since compression ratio exerts only a 
slight influence, and calorific value of the mixture exerts a marked influence 
on this figure, the formula may be used as a good approximation for the 
influence of compression ratio. By variation of the calorific value of the 
mixture m may be altered according to an empirical formula. Relationships 
illustrated could be adapted to provide detailed summaries of future calcula- 
tions of cyclic efficiencies with regard to specific heats, and to reduce their 
results to a simplified form for practical application. Report of the Herman 
Goering Aeronautical Research Institute, Braunschweig. Short abstract 
Aircraft Engineering, July, 1939, page 282. Lufifahriforschung, February 
20, 1939, pages 59-61, 3 illus., 2 tables, 31 equations 
A Symposium on Varnish in Engines. F.F. Kishline. Offending ‘‘var 
nish’’ is defined as a ‘‘synthetic resinous compound precipitated by little- 
known chemical reactions, oxidation, exposure of oil to relatively high tem 
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peratures, presence of foreign materials, or various combinations of these 
causes. Time and temperature appear to be principal items in an engine 
which govern the condition, and temperature may or may not be the sump 
temperature. Possibly there is a critical temperature above or below which 
formation is slight, although one of the experiences contributed indicated 
varnish formation at temperatures up to 400°F. Experience, opinions, 
and questions of many anonymous $.A.E. members and their companies on 
the subject are presented. Sludge and varnish work at Chevrolet, clogging 
of oil-control rings, and effect of type of lubricating oil are covered in the 
discussion following the paper. S.A.F. Jour. (Trans.), August, 1939, pages 
322-324, 334. 


Engine Manufacture 


Quantity Plus Quality. C. G. Grey. History of the Rolls-Royce com- 
pany before and after its entry into the aircraft- -engine field is traced, and 
the new Rolls-Royce factory at Crewe is described in detail including : 
machine tools; subassemblies; training school; super-inspection; and 
gages. Aeroplane, July 26, 1939, pages 119-125, 18 illus. 


PARTS AND ACCESSORIES 


A Non-Icing Fully Maneuverable Aircraft Carburetor. M. J. Kittler. 
Neither severe military maneuvers, such as power dives and inverted flight, 
nor icing conditions will affect appreciably the operation of the Holley air- 
craft carburetor. Fuel level is controlled by a double-diaphragm mechanism 
instead of by the conventional float mechanism, and in place of the fixed 
venturi and butterfly throttle construction is a variable- venturi mechanism 
which forms both the throttles and venturi. Metering is governed by a 
tapered needle valve actuated by a cam linked to the venturi throttles so 
that both air and fuel passages of the carburetor expand simultaneously as 
the venturi throttles are opened. 

Causes of carburetor icing, requirements for a carburetor to function prop- 
erly in all maneuvers, and metering characteristics are considered. Dev elop- 
ment of the carburetor since 1935, and the design finally developed and its 
operation are described in detail. Effect of fuel boiling in the jet is dis 
cussed by F. C. Mock. S.A.E. Jour. (Trans.), August, 1939, pages 357- 
363, 12 illus. 


Aircraft Radio 


A 500-Cycle Blind Landing System. E.N. Dingley, Jr. In the system re- 
cently installed and successfully tested at Lakehurst by the Navy Depart- 
ment, the cables are joined at their far ends by a shunting conductor. One 
cable is used for the outbound circuit while the other is used for the return 
circuit, constituting a large horizontal loop. 


In the aircraft, two collector loops are mounted with their planes at right 
angles to each other and with the plane of each loop lying at 45° to the 
horizontal. When the aircraft is in horizontal flight directly above the mid- 
line between the two cables and at an altitude equal to half the distance be- 
tween the two cables, the plane of each collector loop of the aircraft intersects 
one ground cable and at the same time is perpendicular to a plane intersect- 
ing the other cable. Each collector loop receives an optimum signal from 
one ground cable and no signal from the other. Output terminals of each 
loop in the aircraft are connected to individual audio amplifiers, each tuned 
to 500 cycles, and the output of each amplifier i is connected to a rectifier type 
a.c. voltmeter pote a range of 0-5 volts. Long description of system. 
Aviation, July, 1939, pages 60-61, 92, 6 illus. 

Air Traffic Control. H. W. Roberts. Airport traffic congestion as the 
bottleneck, control of airway traffic and airport traffic, radio, communica- 
tions procedure and its relation to airway traffic control, growth of air traffic, 
and radio for all aircraft are considered. Aero Digest, August, 1939, pages 
129-130, 146, 3 illus. 


Aeronautical Industry and Production 


Dealing with the Problem of Personnel. C. S. Mattoon. Acute labor 
shortage in the aircraft industry, despite the efforts of manufacturers to 
bolster personnel, has developed solely because an aircraft organization re- 
quires in its man power a high standard of skill and experience as well as an 
industrial outlook rarely demanded elsewhere. Personnel Director of the 
Curtiss Aeroplane Division comments on the problems in the selection and 
training of personnel in aircraft manufacture, and present trends. Aero 
Digest, August, 1939, pages 121-122, 128, 4 illus. 

Foreign News in Brief—Japan. Twenty-three manufacturing concerns 
in Japan are making aircraft, parts, and accessories. These companies claim 
to be manufacturing 2 25 different types of commercial aircraft ranging from 
the twin-engined 880-hp. Kotobuki, to the single-engine 28-hp. Tachikawa 
T.S.1. Of the 41 regular commercial airports and nine military airports 
occasionally used by civil aircraft, 33 have facilities€or land planes only, 14 
for land and seaplanes, and three for seaplanes alone. At the end of 1938 
there were 22 civil aviation routes in regular operation. Brief note. Aero 
Digest, August, 1939, page 98. 

Lockheed in High Gear. Production at the Lockheed plant during June 
slipped smoothly into high gear as five of the 14B twin-engined bomber 
transports rolled out of the factery every four days, and this rate was ex- 
pected to hit three planes every two days before midsummer. More than 
7000 employees are on the payroll compared with less than 3000 at the start 
of the year. Two large resistance welding machines, said to be the largest 
in size and capacity in any aircraft factory, are to be installed. They are 
capable of welding two sheets of aluminum alloy %-in. thick, and have a 
throat depth of 50in. Short note. Aviation, July, 1939, page 75. 


Book Reviews 


Wind, Sand and Stars, by ANTOINE DE SAINT ExuPE&rY, trans- 
lated from the French by Lewis GALANTIE£RE; Reynal and 
Hitchcock, New York, 1939; 306 pages. 

Like Anne Morrow Lindbergh’s books, Wind, Sand and Stars 
is of interest not only to aviation enthusiasts, but to all who ap- 
preciate fine writing. The author, a member of the 1939 survey 
flights for the French transatlantic service, has been actively 
concerned with French aviation for 13 years. His first book, 
Night Flight, was widely acclaimed, and his present effort has 
been a best-seller since publication. 

The book begins with his experiences as a student pilot in 1926. 
In the course of the narrative he deals not only with his experi- 
ences and adventures, but also with the men who worked with 
him, and the philosophy he evolved. His tribute to the courage 
of his friend and comrade Guillaumet is one of the most moving 
we have had the privilege to read. The account of his dramatic 
experiences when lost on the Sahara Desert is absorbing—the 
finest kind of an adventure story. 

Combining as it does, aviation and literature, this book should 
enjoy wide circulation among aviation enthusiasts as well as the 
general public. 


Soaring Wings, by GEORGE PALMER PUTNAM; Harcourt 
Brace and Company, New York, 1939; 294 pages, $2.50. 

Amelia Earhart combined many qualities other than that of 
being a great pilot. Her husband in this biography interprets 
her philosophy of life, as well as her career, as no one else could. 
Her intense belief in the increasing participation of women in 
world affairs is, of course, the thread which goes through every 
chapter. Any critical comment on some of the activities of one 
who sacrificed her life in the great effort which was to climax 
her flying achievements, or discussion of the taste in revealing 


certain incidents in her life, would be out of place. A. E. will 
always remain in the forefront of the great proponents of aviation. 

Such books as Soaring Wings will serve their purpose in 
stimulating others who try to climb by their own efforts to fame 
if not to fortune. There cannot be too many inspirational 
books of this kind written in a period when discouragement and 
fear for the future confront many young people. 


Romantic Stories of Air Heroes, by Caprain A. O. POLLARD; 
Hutchinson and Company, Ltd., London, 1937; 300 pages. 


Captain Pollard has written a fascinating story of the heroes 
of aviation from the pioneers of flight to the present day. After 
giving the history of the early French balloonists, Lilienthal, the 
Wright Brothers, Santos-Dumont, and A. V. Roe he devotes the 
remainder of the book to flights of men who may be called the 
precursers of air transport. 

Bleriot, Hawker, Alcock and Brown, Major G. H. Scott, Sir 
Alan Cobham, Byrd, Lindbergh, and Kingsford-Smith are some 
of those who are given separate chapters. For any young man 
who wishes to review the developments of flight as laying a foun- 
dation for air transport of today this book will give him some 
idea of the courage and determination that were required to over- 
come the many obstacles encountered in flying over uncharted 
country. 


Knots, Splices, and Fancy Work, by C. L. SPENCER; Brown, 
Son and Ferguson, Ltd., Glasgow, 1939; 193 pages, 6s 6d. 

While this book is intended primarily for seamen, it will be 
of interest to seaplane operators for the mooring of »!rcaft 
Just as a study of the many uses of rope, it is encyclopedic as 
well as entertaining. 
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Italy. Ziirich Eidg. Technische Hochschule. Switzerland. 
Douglas, Donald Wills, B.S.; Hon.F.I.Ae.S.; President, Douglas Aldrin, Edwin Eugene, D.Sc.; F.I.Ae.S.; A.F.R.Ae.S.; Lt. Col., 

Aircraft Co. (See W.W. in A.) A.C.Res., Aero. Consultant to the Standard Oil Co. (See 
Dryden, Hugh Latimer, Ph.D.; Hon.F.I.Ae.S.; A.F.R.Ae.S.; W.W. in A., W.W. in Eng.) 

Chief, Mechanics and Sound Div., National Bureau of Ala : a a) “ 

yrac, Antoine Charles, Lic.Sc.; F.I.Ae.S.; Inspector Gen- 

Standards. (See A.M. ofS.) eral, Service de Recherche de l’Aeronautique, Ministere 
Durand, William Frederick, Ph.D.; Hon.F.I.Ae.S.; Professor de l’Air. France. 

Emeritus, Stanford University. (See W.W. in A.) ; Allen, Edmund Turney, F.I.Ae.S.; Director of Aerodynamics & 
Eckener, Hugo, Dr.Ing.; Hon.F.I.Ae.S.; President, Luftschiff- Flight Research; Chief Test Pilot, Boeing Aircraft Co. 

bau Zeppelin G.m.b.H.; Chairman, Deutsche Zeppelin (See W.W. in A.A.) 

Reederei. Germany. (See B.W.W.) Arnstein, Karl, Dr.Tech.Sci.; F.I.Ae.S.; Vice-Pres. in charge of 
Fedden, Alfred Hubert Roy, Hon.D.Sc.; Hon.F.I.Ae.S.; F.R.- Engineering, Goodyear-Zeppelin Corp. (See W.W. in A.) 

Ae.S.; Chief Engineer, Bristol Aeroplane Co. Ltd. Eng- Atwood, John Leland, B.S. in C.E.; F.I.Ae.S.; Vice-Pres. and 

land. (See W.W. in B.A.) Asst. Gen. Manager, North American Aviation, Inc. 
Hunsaker, Jerome Clarke, D.Sc.; Hon.F.I.Ae.S.; Hon.F.R.Ae:S. ; Bairstow, Leonard, F.I.AecS.; F.R.AeS.; Zaharoff Prof. of 

Head of Dept. of Mechanical Engineering and Professor in Aviation, Univ. of London. England. (See B.W.W.) 

charge of Aeronautical Engineering, Massachusetts Insti- Barlow Siam Morgan M S. (Eng.); F I AeS.: F R ii S- 

tute of Technology. (See 'W.W. in A.) Director and Gen. "Manager, Fairey Aviation Co. Ltd. 
Jones, Bennett Melvill, M.A.; Hon.F.I.Ae.S.; F.R.Ae:S.; England. (See W.W. in B.A.) 


Francis Mond Professor of Aeronautical Engineering, = % 
Cambridge University. England. (See B.W.W.) a Ralph nome gesagt F.I.Ae.S.; Commander, U. S 
Karman, Theodore von, Ph.D.; Hon.F.I.Ae.S.; Director, Daniel avy. (See ix — ng.) : : 
Guggenheim Graduate School of Aeronautics, California Bassett, Preston R., F.I.Ae.S.; Vice-Pres. in charge of Engineer- 
ing, Sperry Gyroscope Co. 


Institute of Technology. (See W.W. in A.) Rex B BS: FiAcS: Chied 

eise ex Buren ie ngineer, Vought- 

Sikorsky Aircraft, United Aircraft Corp. (See W.W. in 


Mead, George Jackson, Hon.Sc.D.; Hon.F.I.Ae.S.; A.F.R.Ae.S.; 4 
Bellanca, Giuseppe Mario, Eng.M.; F.I.Ae.S.; Pres., Bellanca 
Vice-Pres. and Chief Engineer, United Aircraft Corp. waht Cop. WW. in 


Prandtl, Ludwig, Ph.D.; Hon.F.I.Ae.S.; Hon.F.R.Ae.S.; Presi- Berlin, Don R., B.S.; F.I.Ae.S.; Chief Engineer, Curtiss Aero- 
dent, Lilienthal-Gesellschaft fiir Luftfahrtforschung; Pro- plane Div., Curtiss-Wright Corp. 


fessor and Director, Kaiser Wilhelm Institut fiir Strémungs- Berliner, Henry Adler, B.S. in M.E.; F.I.Ae.S.; Pres., Engi- 
forschung, Gottingen University. Germany. 


neering & Research Corp. (See W.W. in A.A.) 


bo 


and why is 


If you should tomorrow be given the job of improving speed, or 
safety, or payload ratio of a ‘plane, one of your first thoughts 
would inevitably be, “Why not use stronger, lighter materials?” 
Following this logic, you might inquire, “What materials are light 
and strong? How can we make them stronger and lighter?” Per- 
severing, you would soon learn that what you want is largely an 


increase in the knowledge of materials, and you would find a 


surprising company of men working to supply your want, so far 
as Aluminum is concerned. 

Knowledge about a metal doesn’t increase by happenstance. To 
develop it, metallurgists and engineers must experiment, test, 
record, and study, in the patience-trying, expensive process called 
research. 

Scores of trained men in Aluminum Research Laboratories are 
this moment working on problems related to aircraft develop- 
ment. Some apply the fundamental techniques of metallurgy, 
seeking new alloys of Aluminum, or discovering new facts about 
known alloys. Some wrestle with production problems, to find 


better ways of handling the metal as it is transformed from ingot 


this research, anyway? 
to the finished products which you use. Another group studies 
structural methods, to learn more about the kinds of columns and 
beams and rivets and welds best suited to Aluminum, Service in 
actual applications gets due attention; you see the results, for 
example, in the accepted uses of bare Alclad sheet. And special 
projects are undertaken in cooperation with other groups inter- 
ested in aeronautics. 

Benefits from this program are visible. On the desks of aircraft 
designers you will find the reliable data developed in this way. 
In plants where ‘planes are built you may see workmen applying 
important techniques so fostered. Study the maintenance methods 
of any major airline, and you will discover how knowledge con- 
tributed by research has made 
Aluminum equipment serve Jong 
and safely. 

This program of research for 
the alloys of Alcoa Aluminum 
was begun before Aluminum be- 


came a major aircraft material, 


has been maintained consistently 

through good times and bad. It holds the product to rigid stand- 
ards. It provides trustworthy information. It adds to the natural 
lightness, strength, stability and other qualities, which make 
Aluminum serve more efficiently. And that is an answer to the 
“why” in the headline. ALUMINUM COMPANY OF AMERICA, 21944 
Gulf Building, Pittsburgh, Pennsylvania. 
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Betz, Albert, Ph.D.; F.I.Ae.S.; Prof. and Director, Aero- 
dynamische Versuchsanstalt, Géttingen. Germany. 

Birkigt, Marc, F.I.Ae.S.; Chairman of the Board, Soc. Fran- 
caise Hispano Suiza. France. 

Bjerknes, Vilhelm Frimman Koren, Ph.D.; F.I.Ae.S.; Prof. 
Emeritus, Theoretical Physics, Univ. of Oslo. Norway. 
(See Encyc. Britannica.) 

Boulton, Berthoud Clifford, B.S.; F.I.Ae.S. 

Breguet, Louis, F.I.Ae.S.; Pres., S. A. des Ateliers d’Aviation 
Breguet; Vice-Pres., Cie. Air France. France. 

Briggs, Lyman James, Ph.D.; F.I.Ae.S.; Director, National 
Bureau of Standards. (See W.W. in A.) 

Brombacher, William George, Ph.D.; F.I.Ae.S.; Chief, Aero. 
Instruments Section, National Bureau of Standards. (See 
A.M. of S.) 

Buchanan, John Scoular, F.I.AeS.; F.R.AeS.; Deputy 
Director of Technical Development, Air Ministry. Eng- 
land. (See W.W. in B.A.) 

Bulman, George Purvis, B.Sc.; F.I.Ae.S.; F.R.Ae.S.; Major; 
Director of Engine Production and Deputy Director of 
Research and Development (Engines), Air Ministry. 
England. 

Burgers, Johannes Martinus, Dr.Math. and Phys.; F.I.Ae.S.; 
Prof. of Aerodynamics, Technische Hoogeschool, Delft, 
Holland. 

Burgess, Charles P., F.I.Ae.S.; Aero. Engineer, Bureau of Aero- 
nautics, Navy Dept. 

Caldwell, Frank Walker, B.S.; F.I.Ae.S.; Engineering Manager, 
Hamilton Standard Propellers, United Aircraft Corp. 
(See W.W. in Eng.) 

Capon,’ Robert Stanley, B.A.; F.I.Ae.S.; F.R.Ae.S.; Deputy 
Director, Research & Development of Armament, Air 
Ministry. England. 

Caproni, Gianni, Dipl.Ing.; F.I.Ae.S.; Pres., Motori Marini 
Carraro, Isotta Fraschini, Aeroplani Caproni, I.S.S.A., 
A.V.LS., etc. Italy. (See B.W.W.) 

Castoldi, Mario, Dr.Ing.; F.I.Ae.S.; Chief Engineer and De- 
signer, Aeronautica Macchi. Italy. 

Caudron, Rene, F.I.Ae.S.; Deputy Administrator, Soc. An. 
des Avions Caudron. France. 

Chatfield, Charles Hugh, S.M.; F.I.Ae.S.; A.F.R.Ae. 
tor of Research, United Aircraft Corp. (See W 
A.A.) 

Chien, Chang Tsu, S.M. in Ae.E.; F.I.Ae.S.; Col., Chinese 
Army; Asst. Chief, Tech. Dept., Commission on Aero. 
Affairs. China. 

Clark, Virginius Evans, F.I.Ae.S.; Pres., Clark Aircraft Corp. 
(See W.W. in A.) 

Compton, Karl Taylor, D.Sc.;_ F.I.Ae.S.; 
Technology. (See W.W. in A.) 

de Forest, Alfred V., B.S.; F.I.Ae.S.; Prof., Mech. Engineering, 
Mass. Inst. of Technology; Pres., Magnaflux Corp.; 
Consulting Engineer. (See W.W. in Eng.) 

de Havilland, Geoffrey, F.I.Ae.S.; F.R.Ae.S.; de Havilland 
Aircraft Co. Ltd. England. (See B.W.W.) 

Delage, P. A. G., F.I.Ae.S.; Hon. Pres., Soc. An. Nieuport- 
Delage; Pres., Jaeger & Jaeger Aviation; Pres., Revue 
Scientifique. France. 

Den Hartog, Jacob Pieter, Ph.D.; F.I.Ae.S.; Assoc. Prof. of 
Mechanics, Harvard Univ. (See A.M. of S.) 

Dewoitine, Emile, F.I.Ae.S.; Managing Director and Chief 
Engineer, Société Nationale de Constructions Aeronau- 
tiques du Midi. France. 

Diehl, Walter Stuart, B.S.; F.I.Ae.S.; Commander, U. S. Navy. 
(See W.W. in A.A.) 

Doolittle, James Harold, D.Sc.; F.I.Ae.S.; Manager, Aviation 
Dept., Shell Oil Co. (See W.W. in A.) 

Dornier, Claudius, Dr.Ing.h.c.; F.I.Ae.S.; Owner and Head, 
Dornier-Werke. Germany. 

Draper, Charles Stark, S.M.; F.I.Ae.S.; Assoc. Prof. of Aero. 
Engineering in charge Instrumentation, Mass. Inst. of 
Technology. 

Egtvedt, Clairmont Leroy, C.E.; F.I.Ae.S.; Pres. and Gen. 
Manager, Boeing Aircraft Co. and Boeing Airplane Co. 
(See W.W. in A.A.) 

Fage, Arthur, F.I.Ae.S.; F.R.Ae.S.; Principal Scientific Offi- 
cer, Aerodynamics Dept., National Physical Laboratory. 
England. (See W.W. in B.A.) 


Pres., Mass. Inst. of 


Fairey, Charles Richard, F.I.Ae.S.; F.R.Ae.S.; Fairey Avia- 
tion Co. Ltd. (See B.W.W.) 

Farren, William Scott, F.I.Ae.S.; F.R.Ae.S.; Deputy Director 
of Research & Development (Aircraft), Air Ministry. 
England. 

Ferrari, Carlo, Dr.Ing.; F.I.Ae.S.; Prof. of Aerodynamics, 
R. Scuola di Ingegneria di Torino. Italy. 

Focke, Henrich, Dr.Ing.h.c.; F.I.Ae.S.; Director, Focke, Ach- 
gelis & Co. Germany. 

Fokker, Anthony Herman Gerard, F.I.Ae.S.; 
facturer. Holland. (See W.W. in A.) 

Folland, Henry Philip, F.I.Ae.S.; F.R.Ae.S.; Managing and 
Technical Director, Folland Aircraft Ltd. England. 

Frazer, Robert Alexander, D.Sc.; F.I.Ae.S.; F.R.Ae.S.; Aero- 
dynamics Dept., National Physical Laboratory. Eng- 
land. 

Fulton, Garland, M.S.; F.I.Ae.S.; Captain, U. S. N.; Air- 
ship Design, Bureau of Aeronautics, Navy Dept. (See 
W.W. in A.A.) 

Gabrielli, Giuseppe, Prof.Dr.Ing.; F.I.Ae.S.; Chief Engineer, 
Fiat S.A. Italy. 

Gardner, Lester Durand, S.B.; F.I.Ae.S.; Hon.F.R.Ae.S.; Sec- 
retary, Institute of the Aeronautical Sciences. (See W.W. 
in A.) 

Gazley, Richard Charles, B.S.; F.I.Ae.S.; Chief, Technical Devel- 
opment Div., Civil Aeronautics Authority. (See W.W. 
in Eng.) 

Georgii, Walter, Ph.D.; 
nische Hochschule. Germany. 

Gouge, Arthur, B.S.; F.I.Ae.S.; F.R.Ae.S.; Gen. Manager 
and Chief Engineer, Short Brothers Ltd.; Managing 
Director, Short & Harland and Pobjoy Airmotors & Air- 
craft Ltd. England. (See W.W. in B.A.) 

Grammel, Richard, Dr.Ing.; F.I.Ae.S.; Prof., Engineering Me- 
chanics, Stuttgart Technische Hochschule. Germany. 

Grumman, Leroy Randle, M.E.; F.I.Ae.S.; Pres., Grumman Air- 
craft Engineering Corp. (See W.W. in A.A.) 

Hall, Arthur Henry, B.A.Camb.; F.I.Ae.S.; F.R.Ae.S.; Chief 
Supt.,, Royal Aircraft Establishment. England. (See 
B.W.W.) 

Hegenberger, Albert Francis, F.I.Ae.S.; Major, Materiel Div., 
U.S. Army Air Corps. (See W.W. in A.A.) 

Heinkel, Ernst, Prof.Dr.Ing.e.h.; Dr.phil.h.c.; F.I.Ae.S 
Heinkel Flugzeugwerke. Germany. 

Hibbard, Hall Livingstone, A.B.; F.I.Ae.S.; Vice-Pres. and 
Chief Engineer, Lockheed Aircraft Corp. 

Hobbs, Leonard Sinclair, M.S.; F.I.Ae.S.; Engineering Man- 
ager, Pratt & Whitney Aircraft, United Aircraft Corp. 
(See W.W. in A.A.) 

Hoff, Wilhelm, Dr.Ing.; F.I.Ae.S.; Prof., 
Hochschule. Germany. 

Hovgaard, William, D.Eng.; F.I.Ae.S.; Prof. Emeritus, Mass. 
Inst. of Technology. (See W.W. in A.) 

Insley, Robert, B.S.; F.I.Ae.S.; Asst. Chief Engineer, Pratt & 
Whitney Aircraft, United Aircraft Corp. 

Jacobs, Eastman N., B.S.; F.I.Ae.S.; Aero. Research, N.A.C.A. 

Kamm, Wunibald, Dr.Ing.; F.I.Ae.S.; Prof., Stuttgart Tech- 
nische Hochschule. Germany. 

Kampe de Feriet, Joseph, D.Sc.; #F.I.Ae.S.; A.F.R.AeS.; 
Prof., Faculty of Sciences, and Director, Institut de Me- 
canique des Fluides, Universite de Lille. France. 

Kempf, K. A. Gunther, Dr.Ing.; F.I.Ae.S.; Chief, Hamburg- 
ische Schiffbau-Versuchsanstalt. Germany. 

Kimball, James Henry, Ph.D.; Hon.Sc.D.; F.I.Ae.S.; Meteor- 
ologist, U. S. Weather Bureau. (See W.W. in A.) 

Kindelberger, James Howard, F.I.Ae.S.; Pres. and Gen. Man- 
ager, North American Aviation, Inc. (See W.W. in A.) 

Klemin, Alexander, M.S.; LL.D.; F.I.Ae.S.; C.R.Ae.S.; Chair- 
man of Dept., Daniel Guggenheim School of Aeronautics, 
New York Univ. (See B.B. of A.; W.W. in Eng.; W.W 
in A.) 

Klemperer, Wolfgang Benjamin, Dr.Ing.; F.I.Ae.S.; Research 
Engineer, Douglas Aircraft Co. (See W.W. in A.A.) . 

Koppen, Otto Carl, B.S.; F.I.Ae.S.; Prof., Aero. Engineering, 
Mass. Inst. of Technology. 

Kraus, Sydney Moses, M.S.; F.I.Ae.S.; Captain, U. S. Navy; 
Head of Materiel Div., Bureau of Aeronautics, Navy Dept. 


Aircraft Manu- 


F.I.Ae.S.; Prof., Darmstadt Tech- 


.; Ernst 


Berlin Technische 


lies 
ind 
in 
for 
rial 
ay. 
ing 
ods 
on- | 
nd- | 
ral 
ake 
the 
MA 


said he would never fly | 


“Tf I'd thought it was anything like this, I'd have been flying 
long ago! Here I am, enjoying undreamed-of travel comforts, 
seeing beauty I never knew existed, saving days of time! It’s 


not costing me a penny more, but [’m sure getting more!” 


Most everyone who flies has at one time said: “J°// never 
fly!” But wisdom whispered: “Don’t be too sure. It’s a big 
thing! Better try it and see.” And so they flew .. . and 
alighted from their first flights, elated, discoverers of a new 
world! You, too, have only to fly to know that travel by air 
is a reality for thousands every day and night the whole year 
around, and that the sooner you adopt flying, the sooner you 
catch up with other modern-day folks! 


AMERICAN AIRLINES Juc. 
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Laddon, Isaac Machlin, B.S.; F.I.Ae.S.; Vice-Pres. & Chief 
Engineer, Consolidated Aircraft Corp. 

Lanchester, Frederick William, LL.D.; F.I.Ae.S.; Hon.F.R.- 
Ae.S.; Consulting Engineer. England. (See B.W.W.) 

Land, Emory Scott, M.S.; F.I.Ae.S.; C.R.Ae.S.; Rear Admiral 
(Ret.), U. S. N.; Chairman, U.S. Maritime Commission. 
(See W.W. in A.A.) 

Lapresle, Antonin, D.Sc.; F.I.Ae.S.;  Prof., 
Superieure de |’Aeronautique. France. 

Lawrance, Charles Lanier, D.Sc.; F.I.Ae.S.; F.R.Ae.S.; Pres. 
and Chief Engineer, Lawrance Engineering & Research 
Corp. (See W.W. in A.) 

Lesley, Everett Parker, M.E.; F.I.Ae.S.; Prof., Mech. Engi- 
neering, Stanford Univ. 

Lewis, George William, Sc.D.; F.I.Ae.S.; Director of Aero. Re- 
search, N.A.C.A. (See W.W. in Eng.) 

Lindbergh, Charles Augustus, Hon.D.Sc.; F.I.Ae.S.; Colonel, 
A.C.Res. (See W.W. in A.) 

Littlewood, William, M.E.; F.I.Ae.S.; Vice-Pres. 
Engineering, American Airlines, Inc. 

Loening, Grover, C.E.; F.I.Ae.S.; F.R.Ae.S.; Consulting Engi- 
neer, (See W.W. in A.) 

Raymond Douglas, M.S.; F.I.Ae.S.; Commander, 

S. N.; Asst. Chief Engineer (Materials), U. S. Naval 

p hat Factory. (See W.W. in A.A.) 

Madelung, Georg, Dr.Ing.; F.I.Ae.S.; Prof., 
nische Hochschule. Germany. 

Marchetti, Alessandro, A.Ing.; F.I.Ae.S.; Managing Director 
and Chief Engineer, Soc. Italiana Aeroplani Idrovolanti 
“Savoia Marchetti.” Italy. 


Ecole Nationale 


in charge 


Stuttgart Tech- 


Marsh, William Lockwood, F.I.Ae.S.; F.R.Ae.S.; Founder 
Editor, ‘Aircraft Engineering.”’ England. (See W.W. 
in B.A.) 

Maybach, Karl, Dr.Ing.; F.I.Ae.S.; Director, Maybach-Motor- 
enbau. Germany. 

Mayo, Robert Hobart, M.A(Cantab.); F.I.Ae.S.; F.R.Ae.S.; 


Consulting Engineer; Technical Adviser, Imperial Air- 
ways Ltd. England. (See W.W. in B.A.) 
McAvoy, William Henry, F.I.Ae.S.; Chief Test Pilot, N.A.C.A. 
McCarthy, Charles Joseph, B.S.; F.I.Ae.S.; Asst. Gen. Man- 
ager, Vought-Sikorsky Aircraft, United Aircraft Corp. 
Milburn, Lessiter Crary, B.S.; F.I.Ae.S.; Works Manager, St. 
Louis Airplane Div., Curtiss-Wright Corp. (See W.W. in 
A.A.) 


Air Ministry; 


Milch, Erhard, F.I.Ae.S.; State Secretary, 
Deutsche 


Inspector General, Air Corps; Vice-Pres., 
Akademie der Luftfahrtforschung. Germany. 
Millikan, Clark Blanchard, Ph.D.; F.I.Ae.S.; Assoc. Prof. of 
Aero., Calif. Inst. of Technology. (See B.B. of A.) 
Minshall, Robert James, B.S. in C.E.; F.I.Ae.S.; Vice-Pres. and 
Asst. General Mgr., Boeing Aircraft Co. 
Mises, Richard Edler von, Dr.Ing.; F.I.Ae.S.; 
University. 
Munk, Max Michael, Ph.D.; F.I.Ae.S.; Lecturer in Aerody- 
namics, Catholic Univ. of America. 


Nayler, Joseph Lawrence, M.A.(Sc.); F.I.Ae.S.; F.R.Ae.S.; 


Prof., Harvard 


Secretary, Aeronautical Research Committee. England. 
(See W.W. in B.A.) 

Newell, Joseph Shipley, B.S.; F.I.Ae.S.; | Prof., Aero. Struc- 
tural Engineering, Mass. Inst. of Technology. (See 
B.B. of A.) 

Niles, Alfred Salem, B.S.; F.I.Ae.S.; Prof., Aero Engineering, 
Stanford Univ. (See W.W. in A.) 


Northrop, John K., F.I.Ae.S.; Pres. and Director of Engineering, 
Northrop Aircraft, Inc. 


Nutt, Arthur, B.S.; F.I.Ae.S.; Vice-Pres. in charge of Engineer- 
ing, Wright Aeronautical Corp. (See W.W. in A.) 
Osborn, Robert Randolph, B.S. in E.E.; F.I.Ae.S.; A.F.R.Ae.S.; 
Consulting Engineer. (See W.W. in A.) 

Oswald, W. Bailey, Ph.D.; F.I.Ae.S.; In charge Aerody- 
namics, Douglas Aircraft Co. 

Page, Frederick Handley, F.I.Ae.S.; F.R.Ae.S.; Handley Page 
Ltd. England. (See B.W.W.) 

Panetti, Modesto, Dr.Ing.; F.I.Ae.S.; Prof. Aero. Engineer- 
ing, Manager of Aero Lab., R. Politecnico di Torino. 
Italy. 


Parkin, John Hamilton, M.E.; F.1.AeS.: F.R.AeS.; 
Director, Div. Mech. Engineering, National Research 
Council. Canada. (See W.W. in B.S.) 

Pawlowski, Felix Wladyslaw, M. & E.E.; F.I.Ae.S.; F.R.Ae.S.; 
Guggenheim Prof. of Aero., Univ. of Michigan. (See 
W.W. in A.A.; A.M. of S.) 

Pierson, Reginald Kirshaw, B.Sc.; F.I.Ae.S.; F.R.Ae.S.; Chief 
Designer, Vickers Armstrongs Ltd. England. 

Pippard, Alfred John Sutton, D.Sc.; F.I.Ae.S.; F.R.AeS.; 
Prof., Civil Engineering, Univ. of London (Imperial Col- 


lege). England. (See B.W.W.) 
Pistolesi, Enrico, Dr.Ing.; F.I.Ae.S.; Prof., Applied Me- 
chanics & Aerodynamics, Royal Univ. of Pisa. Italy. 


Potez, Henry, Dipl.Ing.; F.I.Ae.S.; Administrator, Soc. Na- 
tionale de Constructions Aeronautique du Nord; Pres., 
Ste. Aeroplanes Henry Potez; Honorary Pres., Union 
Syndicale des Industries Aeronautiques. France. 

Priester, Andre Allart, F.I.Ae.S.; Chief Engineer, Pan Ameri- 
can Airways, Inc. 

Raymond, Arthur Emmons, M.S.; F.I.Ae.S.; Vice-Pres. in 
charge of Engineering, Douglas Aircraft Co. 

Reid, Elliott Gray, Ae.E.; F.I.Ae.S.; Prof., Aerodynamics, 
Stanford Univ. (See A.M. of S.; W.W. in Eng.) 

Reid, Henry J. E., B.S.; F.I.Ae.S.; Engineer in charge, Langley 


Memorial Aeronautical Laboratory, N.A.C.A. (See 
W.W. in A.) 
Relf, Ernest Frederick, F.I.Ae.S.; F.R.Ae.S.; Supt., Aero- 


dynamics Dept., National Physical Laboratory. Eng- 
land. (See W W. in B.A.; B.W.W.) 

Riabouchinsky, Dimitri P., D.Sc.; F.I.Ae.S.; Assoc. Director, 
Laboratory of Fluid Mechanics, Univ. of Paris; Prof., 
Theoretical Mechanics, Russian Superior Technical 
School. France. 

Richardson, Holden Chester, M.S.; F.I.Ae.S.; Captain (Ret.), 
U.S. Navy. (See W.W. in A.) 

Rosatelli, Celestino, Prof.Dr.Ing.; F.I.Ae.S.; Chief Aero. En- 
gineer, Fiat S.A. Italy. 

Rosendahl, Charles Emery, F.I.Ae.S.; Commander, U. S. 
Navy; Airship Development. (See B.B. of A.) 

Rossby, Carl-Gustaf Arvid, M.S.; F.I.Ae.S.; Prof. of Meteor- 
ology, Mass. Inst. of Technology; Assistant Chief for 
Research and Education, U. S, Weather Bureau. (See 
W.W. in A., A.M. of S.) 

Rowledge, Arthur John, F.I.Ae.S.;  F.R.Ae.S.; 
Engineer, Rolls-Royce Ltd. England. 


Sabatier, Jacques, F.I.Ae.S.; Ingenieur General de 1’Aero- 


Consultant 


nautique. France. 

Savoja, Umberto, Dr.Ing.; F.I.Ae.S.; Aviation Director, Fiat 
S.A. Italy. 

Schiitte, Johann, Dr.Ing.e.h.; F.I.Ae.S.; Ordtl. Prof., Tech- 
nische Hochschule, Berlin; Pres., Schiffbautechnische 
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Down softly! 


High landing speeds demand good planning 
as well as good piloting 


Impact shocks may run high when fast airplanes land... a 
matter of simple applied mathematics. Take-off and taxi-ing, 
too, on terrain often none too smooth, call for nicely graduated 
shock absorbing abilities in the plane’s landing-gear. Bendix 
Pneudraulic Shock Struts effectively combine hydraulic and 
pneumatic cushioning, each painstakingly proportioned to the 
plane’s weight and performance characteristics. 

Carefully coupled with Bendix Airplane Wheels and Brakes 
for responsive ground steering and smooth stopping, the result 
is a well-designed, well balanced landing gear . . . something 
the best of pilots needs for the best of performance. 


BENDIX PRODUCTS DIVISION 
of Bendix Aviation Corporation, South Bend, Indiana 


LANDING-GEAR EQUIPMENT 


AIRPLANE WHEELS, BRAKES, PNEUDRAULIC 
SHOCK STRUTS, TAIL KNUCKLE ASSEMBLIES 
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de Florez, Luis, D.Sc.; A.F.I.Ae.S.; Consulting Chem. and Mech. 
Engineer; Pres., de Florez Engineering Co. (See W.W. in 
Eng.; W.W. in A.) 

DeFrance, Smith J., B.S.; A.F.I.Ae.S.; Principal Aero. Engi- 
neer, N.A.C.A. (See W.W. in Eng.) 

de Ganahl, Carl, A.F.I.Ae.S.; Pres., Fleetwings, Inc. 

Dichman, Ernest Wykeham, B.S.; A.F.I.Ae.S.; Manager, Sales 
and Service, Vought-Sikorsky Aircraft, United Aircraft 
Corp. (See W.W. in Eng.) 

Doepp, Philipp von, Dipl.Ing.; A.F.I.Ae.S.; Chief, Aerodynamic 
and Hydraulic Depts., Junkers Aircraft Factory, Dessau, 
Germany. 

Donnel, Charles Apple, A.F.I.Ae.S.; Principal Meteorologist, 
U. S. Weather Bureau Office, Chicago. (See A.M. of S.) 

Donnell, Lloyd Hamilton, Ph.D.; A.F.I.Ae.S.; Stress Engineer, 
Goodyear-Zeppelin Corp. 

Dowell, Carl Philip, B.S. in E.E.; A.F.I.Ae.S.; Senior Stress 
Analyst, Glenn L. Martin Co. 

Dowty, George Herbert, A.F.I.Ae.S.; F.R.Ae.S.; Managing 
Director and Founder, Aircraft Components Ltd., England. 
(See W.W. in B.A.) 

Doyle, Michael Andrew, B.Sc.(Eng.); A.F.I.Ae.S.; 
Ae.S.; Asst. Director of Civil Aviation, Burma. 

Draim, Nicholas August, M.S.; LL.B.; A.F.I.Ae.S.; Lieuten- 
ant Commander, Aero. Engineering Officer, U. S. Navy. 
Naval Observer. 

Driggs, Ivan Howard, A.F.I.Ae.S.; 
Section, Glenn L. Martin Co. 


Eade, Walter Frank, A.F.I.Ae.S.; Lt. Comdr. 
A.A.) 


Platt Le Page 


A.F.R.- 


Chief of Development 
(See W.W. in A.A.) 


(See W.W. in 


Eastman, Fred Scoville, M.S.; A.F.I.Ae.S.; Assoc. Prof., Aero. 
Engineering, Univ. of Washington. 

Eaton, Bruce Grant, Jr., M.S.; A.F.I.Ae.S.; Engineer, Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Ebner, Hans, Prof.Dr.Ing.; A.F.I.Ae.S.; Leader, Institut fiir 
Seeflugwesen, Deutsche Versuchsanstalt fiir Luftfahrt. 
Germany. 

Edgar, Graham, Ph.D.; A.F.I.Ae.S.; Vice-Pres. and Director of 
Research, Ethyl "Gasoline Corp. (See W.W. in A.) 
Edwards, Charles Peter, A.F.I.Ae.S.; Chief of Air Services, Dept. 

of Transport, Canada. 

Eichler, Edward, B.S.; A.F.I.Ae.S.; Consulting Aero. Engineer. 

Ellis, John Thomas, A.F.I.Ae.S.; Designer, Vought-Sikorsky 


Aircraft, United Aircraft Corp. 
Ellis, Robert Edmonston, M.E.; A.F.I.Ae.S.; Manager, Aviation 
Dept., i 
Eng.) 
Emerson, Walter Davis, M.E.; A.F.I.Ae.S.; Prof., Power Engi- 
neering, Norwich Univ. (See W.W. in Eng.) 


Standard Oil Development Co. (See W.W. in 


Enos, Louis Howard, B.S.; A.F.I.Ae.S.; Engineer, Curtiss Pro- 
peller Div., Curtiss-Wright Corp. 

Enyart, William Ralph, B.S; A.F.I.Ae.S.; Gen. Mgr. & Treas- 
urer, Simmonds Aerocessories, Inc. 

Eredia, Filippo, A.F.I.Ae.S.; Prof. of Aerology, Royal Univ 
of Rome. Italy. 

Espenschied, Lloyd, A.F.I.Ae.S.; Research Consultant, 
Telephone Laboratories, Inc. (See W.W. in Eng.) 

Evans, Stanley Harold, B.S. in Ae.E.; A.F I.Ae.S.; F.R.Ae.S.; 
Director of Engineering, Ryan School of Aeronautics. 
(See W.W. in B.A.) 

Everdingen, Ewoud van, Dr.Phys.; 
tired), Meteorological Inst. of de Bilt; 
ology, Utrecht Univ. Holland. 

Everett, Harold Arthur, M.E.; A.F.I.Ae.S.; Head, Dept. Mech. 
Engineering, The Pennsylvania State College. (See W.W. 
in Eng.) 

Faile, Edward Hall, A.F.I.Ae.S.; Consulting Engineer, Airport 
Design. (See W.W. in Eng.) 

Fairbanks, Andrew Jason, M.E.; P.E.; A.F.I.Ae.S.; Assoc. 
Prof., Aero. Engineering, Rensselaer Polytechnic Inst. 

Fairbanks, Edmund Usina, B.S.; A.F.I.Ae.S.; Aero. Engineer, 
United Air Lines Transport Corp. 

Fales, Elisha Noel, B.S.; A.F.I.Ae.S.; Aero. Engineer, 
Air Corps, Wright Field. (See W.W. in Eng.) 

Fergusson, Sterling Price, A.F.I.Ae.S.; Research Associate Blue 
Hill Observatory, Harvard Univ. (See W.W. in A.) 

Ferrier, Alan, D.I.C.(Ae.); A.F.I.Ae.S.; A.F.R.Ae.S.; Squadron 
Leader, R.C.A.F.; Chief Aero. Engineer, Dept. of Trans- 
port. Canada. 

Ffield, Paul d’Ivry, B.S.; A.F.I.Ae.S.; Materials Engineer, 
Shipbuilding Div., Bethlehem Steel Co. 

Fisch, Willy, A.F.I.Ae.S.; Director, Civil Aviation, Air Ministry. 
Germany. 

Flader, Fredric, B.S.; A.F.I.Ae.S.; Asst. Chief Engineer, Cur- 
tiss Aeroplane Div., Curtiss-Wright Corp. 

Foettinger, Hermann, Dr.Ing.; A.F.I.Ae.S.; Prof., 
Hydrodynamics, Schiffbau Technische Hochschule. 
many. 

Folsom, Richard Gilman, Ph.D.; A.F.I.Ae.S.; Asst. Professor, 
Mech. Engineering, Univ. of California. (See A.M. of S.) 

Fowler, Harlan Davey, A.F.I.Ae.S.; Consulting Engineer, Con- 
solidated Aircraft Corp. (See W.W. in Eng.; W.W. in 
A.A.) 

Franchimont, Henri Alexandre, M.E.; E.E.; A.FI.AeS.; 
Aircraft Engineer, Pan American Airways, Inc. 

Freyermuth, George Herman, M.S.; A.F.I.Ae.S.; Asst. Megr., 
Engineering Div., Sales Dept., Standard Oil Co. of N. J. 

Fritsche, Carl Berges, A.F.I.Ae.S.; F.R.Ae.S.; Mer., Plastics 
Div., Reichold Chemicals, Inc. (See B.B. of A.) 

Froesch, Charles, A.F.I.Ae.S.; Chief Engineer, Eastern Air Lines, 
Inc. 

Frye, Jack, A.F.I.Ac.S.; Pres. and Director, Transcontinental & 
Western Air, Inc. (See B.B. of A.; W.W. in A.) 

Gagg, Rudolph Farwell, M.E.; A.F.I.Ae.S.; Asst. Chief Engi- 
neer, Wright Aeronautical Corp. 

Gallaudet, Edson Fessenden, Ph.D.; A.F.I.Ae.S.; Aero. Engi- 
neer, 

Gassner, Alfred A., M.E.; A.F.I.Ae.S.; Chief Engineer, Foren- 
ade Flygverkstader A.B. Sweden. 

Gebers, Friedrich, Dr.Ing.; A.F.I.Ae.S.; Director, Schiffbau- 
technische Versuchsanstalt in Wien. Germany. 

Geer, William Chauncey, Ph.D.; A.F.I.Ae.S.; Research Chemist. 
(See W.W. in A.) 

Geisse, John Harlin, B.S.; A.F.I.Ae.S.; Aero. Engineer. (See 
W.W. in Eng.) 

Gerhardt, William Frederick, D.Sc.; A.F.I.Ae.S.; Prof., Aero. 
Engineering, Wayne Univ. (See W.W. in Eng.) 

Gibbs, William Francis, A.F.I.Ae.S.; Vice-Pres., Gibbs & Cox. 
(See W.W. in A.) 

Gillies, Brewster Allison, B.S.; A.F.I.Ae.S.; Director and Exec. 

gr., Grumman Aircraft Engineering Corp. (See W.W. 

in A.) 

Gillmor, Reginald E., A.F.I.Ae.S.; Pres., Sperry Gyroscope Co. 

Gluhareff, Michael Eugene, M.E.; A.F.I.Ae.S.; Chief of Design 
and Aerodynamics, Vought-Sikorsky Aircraft, United Air- 
craft Corp. 


Bell 


A.F.I.Ae.S.; Director (Re- 
Prof. of Meteor- 


U.S. 


Technical 
Ger- 


il 
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Type MN-26A Bendix Radio Compass Unit. Con- 
tinuous Frequency Range 150-1500 kilocycles; Beat 
Frequency Oscillator is provided for reception of 
C. W. telegraph signals; may be mounted in any 
convenient part of the airplane; so designed as to 
make reversed bearings impossible; mounts on 
latest type Lord rubber shock mounts; designed for 
easy accessibility; simplified laced cable wiring. 


Remote Control Unit of 
Bendix Radio Compass, 
with tuning dial cali- 
brated directly in kilo- 
cycles. Mask, linked 
with band change switch 
permits viewing only the 
frequency band in use. 


The Left - Right 
Indicator of Ben- 
dix Radio Com- 
pass is of the in- 
herently balanced 
dynamotor type. 


A low-drag, rotat- 
“able Loop Antenna 
is so designed that 
it may be mounted 
either above or be- 
low the fuselage of 
the airplane. A spe- 
cial warning light 
indicates when loop 
is out of the homing 
position. 


ml 


BENDIX ENGINEERING 


brings to aviation a 
more trustworthy than 
Nature’s Own! 


This introduces the new Bendix .Radio Compass, Type 
MN-26A, more sensitive, more reliable, than any such 
instrument ever offered before. It is the result of long 
development work in the Bendix Radio Corporation’s 
laboratories at Baltimore, Maryland, supplemented by 
extended flight study and consequent refinements. 
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It is a complete aircraft radio communication re- 
ceiver, with full provision for quickly ascertaining the 
exact true bearing from a transmitting station. It covers 
a continuous frequency range of from 150 to 1500 kilo- 
cycles in three bands, with electrical band switching. 

This newest Bendix aid to aviation moves the science 
of Instrument Flying a noteworthy step forward. It is 
available as a complete system, including the Receiver 
proper, the Remote Control unit, the Left-Right In- 
dicator, the low-drag Loop Antenna, Azimuth Control, 
and necessary inter-connecting equipment. 


Write for detailed data. 


BENDIX 


RADIO CORPORATION 


(Subsidiary of Bendix Aviation Corporation) 


920 East Fort Avenue, Baltimore, Maryland 
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a 
ee on 
i 
4 
> 
4 


ASSOCIATE FELLOWS 8 


Gluhareff, Serge E., A.F.I.Ae.S.; Executive Engineer, Vought- 
Sikorsky Aircraft, United Aircraft Corp. 

Goddard, Robert Hutchings, Ph.D.; A.F.I.Ae.S.; Prof. of 
Physics and Director of Physics Labs., Clark Univ.; on 
leave for work for Daniel & Florence Guggenheim Founda- 
tion. (See W.W. in A.) 

Godfrey, Edward Rawson, Jr., S.B. in Ae.E.; A.F.I.Ae.S.; 
Aero. Engineer, Standard Oil Development Co. 

Gough, Melvin Neilson, B.E. in M.E.; A.F.I.Ae.S.; Senior Air- 
plane Test Pilot, N.A.C.A. 

Graneri, Ugo, Dr.Ing.; A.F.I.Ae.S.; Director, Costruzioni Aero- 
nautiche Novaresi S.A. Italy. 

Gray, Harold Everett, A.F.I.Ae.S.; Engineer, The B. G. Corp. 

Green, Frederick Michael, A.F.I.Ae.S.; F.R.Ae.S.; Major, 
R.A.F. England. 

Green, John Joseph, Ph.D.; A.F.I.Ae.S.; A.F.R.Ae.S.; Asst. 
Research Physicist in Aerodynamics, National Research 
Council. Canada. (See A.M. of S.) 

Gregg, David, A.F.I.Ae.S.; Chief Research Engineer, Eclipse 
Aviation Div., Bendix Aviation Corp. (See W.W. in 
A.A.) 


Gregor, Michael, C.E.; Chief Aero. Engineer, 


A.F.I.Ae.S.; 


Canadian Car & Foundry Co. Canada. (See W.W. in 
Eng.) 

Greve, Louis William, A.F.I.Ae.S.; Pres., Cleveland Pneumatic 
Tool Co. (See B.B. of A.) 


Growald, Henry Kurt, A.F.I.Ae.S.; Armament Engineer, Con- 
solidated Aircraft Corp. 

Gsell, Robert, Dipl.Ing.; A.F.I.Ae.S.; Chief Technical Expert, 
Air Office, Dept. of Post and Railways; Lecturer, Fed- 
eral Polytechnical School of Zurich. Switzerland. 

Guidi, Guido, Dr.Ing.; A.F.I.Ae.S.; Prof., Royal Univ. of Pisa; 
Mgr., Soc. Pignone. Italy. 

Gunning, Joseph Henry, S.B.; A.F.1.AeS.; 
Weight Control Engineer, Douglas Aircraft Co. 

Gwinn, Joseph Marr, Jr., B.E.; A.F.I.Ae.S.; Pres., Gwinn Air- 
car Co. (See W.W. in A.A.) 

Hall, Donald Albert, A.F.I.Ae.S.; Engineer in charge of Aero- 
dynamic Research, Consolidated Aircraft Corp. (See 
W.W. in Eng.) 

Hall, Norman B., A.F.I.Ae.S.; Captain, Asst. to Inspector- 
in-Chief, U. S. Coast Guard. 

Hall, Randolph Fordham, A.F.I.Ae.S.; Chief Engineer, Cunning- 
ham-Hall Aircraft Corp. (See W.W. in Eng.) 

Hall, Robert Leicester, B.S. in M.E.; A.F.I.Ae.S.; Aero. Engi- 
neer, Grumman Aircraft Engineering Corp. 

Hallett, George Eustace Amyot, A.F.I.Ae.S. (See W.W. in A.A.) 

Hanajima, Koichi, A.F.I.Ae.S.; Rear Admiral, Chief Engineer, 
Motor Dept., Imperial Japanese Navy Airplane Arsenal. 
Japan. 

Hanscom, Clarence Dean, A.B.; A.F.I.Ae.S.; Consulting Aero. 
Engineer. (See W.W. in Eng.) 

Hardecker, John Francis, C.E.; A.F.I.Ae.S.; Materials Engineer, 
U. S. Naval Aircraft Factory. (See W.W. in Eng.) 
Harlow, Max Bunch, B.S.; A.F.I.Ae.S.; Asst. Prof. in charge of 
Aeronautics, Pasadena Junior College; Vice-Pres. and 

Gen. Mgr., Harlow Aircraft Co. 

Harms, Henry William, A.F.I.Ae.S.; Colonel, U. S. Army Air 
Corps; Office of Chief of Air Corps. 

Harrington, Russell Paul, Sc.D.; A.F.I.Ae.S.; Assoc. Prof., Aero. 
Engineering, Polytechnic Inst. of Brooklyn. (See A.M. 
of S.) 

Harris, Harold Ross, B.S. in M.E.; A.F.I.Ae.S.; Vice-Pres. and 
Operations Manager, Pan American-Grace Airways. 
Peru. 

Hartung, Walter Magnus, Ae.E.; A.F.I.Ae.S.; Chief Instructor, 
Casey Jones School of Aeronautics. 

Harvey, Emil K., A.F.I.Ae.S.; Airport Consultant. 

Hashimoto, Kenske, Ae.E.; A.F.I.Ae.S.; Prof. of Aero. Eng., 
Kyusyu Imperial Univ. Japan. 

Haskell, Raymond, Ph.D.; A.F.I.Ae.S.; Consulting Engineer, 
The Texas Co. (See W.W. in Eng.) 

Haskins, George William, B.S. in M.E.; A.F.I.Ae.S.; Air Safety 
Board, C.A.A. (See W.W. in Eng.) 


Supervising 


Haus, Fr. Ch., C.E.; A.F.1.Ae.S.; Prof. of Aerodynamics, Univ. 
Belgium. 


of Ghent. 


Hazen, Ronatd McKean, B.S.; A.F.I.Ae.S.; Vice-Pres. and Chief 
Engineer, Allison Engineering Co. 

Heald, Roy Haines, M.E.; A.F.I.Ae.S.; Physicist, National 
Bureau of Standards. (See W.W. in Eng.) 

Hegge Zijnen, Bernard Gerard van der, Dr.Tech.Sc.; A.F.I.- 
Ae.S.; Chief Assistant, Aerodynamic Laboratory, Delft 
Technical Univ. Holland. 

Heinemann, Edward Henry, A.F.I.Ae.S.; 
Segundo Div., Douglas Aircraft Co. 

Heinrich, Albert Sigeman, A.F.I.Ae.S.; 
See W.W. in A.A.) 

Hemke, Paul Emil, Ph.D.; A.F.I.Ae.S.; 
Engineering, Rensselaer Polytechnic Inst. 
Eng.) 

Henrichsen, Knut, B.S. in C.E.; A.F.I.Ae.S.; Engineer, Boeing 
Airplane Co. (See W.W. in A.A.) 

Heron, Sam Dalziel, A.F.I.Ae.S.; Research Engineer, Ethy] 
Gasoline Corp. 

Higginbotham, Robert Ray, B.S. in M.E.; A.F.I.Ae.S.; Power 
Plant Engineer, Seversky Aircraft Corp. 

Higgins, George Judson, Ae.E.; A.F.I.Ae.S.; Assoc. Prof., Aero. 
Engineering, Univ. of Detroit. (See W.W. in Eng.) 
Hingsburg, Frederick Charles, C.E.; A.F.I.Ae.S.; Supt. of 
Lighthouses, U.S.C.G., Seattle District. (See W.W. in 

Eng.) 

Hodgson, John Edmund, A.F.I.Ae.S.; Hon.F.R.Ae.S.; Expert 
on aero. books; Hon. Librarian, R.Ae.S. England. 
Holland, Maurice, A.F.I.Ae.S.; Director, Div. of Engineering 
and Industrial Research, National Research Council. 

(See W.W. in A., W.W. in Eng.) 

Hopf, Ludwig, Ph.D.; A.F.I.Ae.S.; former Prof. of Mechanics 
and Mathematics, Aachen Technische Hochschule. Ger- 
many. 

Hovgaard, Paul Edgar, A.F.I.Ae.S.; 
Curtiss-Wright Corp. 

Hubner, William Haller, M.E.; A.F.I.Ae.S.; Director, Automo- 
tive and Aircraft Dept., Universal Oil Products Co. (See 
W.W. in Eng.) 

Huff, Thomas Henri, B.S.; A.F.I.Ae.S.; Pres. and Engineering 
Director, Management Research, Inc.; Vice-Pres. and 
Engineering Manager, Tuscar Metals, Inc. 

Hull, Harvard Leslie, Ph.D.; A.F.I.Ae.S.; Senior Project Engi- 
neer, Sperry Gyroscope Co. 

Hull, Lewis M., Ph.D.; A.F.I.Ae.S.; Pres., Aircraft Radio Corp. 
(See W.W. in A.) 

Hume, Duncan Clive Mackenzie, A.F.I.Ae.S.; A.F.R.Ae.S.; 
Wing Commander, Technical Officer, Royal Canadian Air 
Force. Canada. 

Ide, John Jay, A.F.I.Ae.S.; Lt. Comdr., U.S. N. R.; Temp.- 
Hon.M.R.Ae.S.; Technical Asst, in Europe, N.A.C.A. 
(See W.W. in A.) 

Jacobs, Albert R., A.F.I.Ae.S.; Vice-Pres. and Chief Engineer, 
Jacobs Aircraft Engine Co. 

Jacobson, Joel Martin, M.S.; C.E.; A.F.I.Ae.S.; Chief Test 
Engineer, Glenn L. Martin Co. 
Jakosky, Milton, M.E.; C.E.; A.F.1.Ae.5.; 

Civil Aero. Authority. 

Jeffries, Zay, D.Sc.; A.F.I.Ae.S.; Tech. Director, Incandescent 
Lamp Dept., General Electric Co.; Consultant, Alumi- 
num Co. of America. (See W.W. in A.) 

Jessen, Henry, M.E. in Ae.; A.F.I.Ae.S.; Director of Engineer- 
ing, School of Aeronautics, Stewart Technical School. 


Johnson, Carl V., B.M.E.; A.F.I.Ae.S.; Aero. Engineer, Bendix 


Chief Engineer, El 
Aero. Development. 


Head, Dept. Aero. 
(See W.W. in 


Curtiss Aeroplane Div., 


Aero. Engineer 


Products Div., Bendix Aviation Corp. (See W.W. in 
Eng.; W.W. in A.A.) 
Johnson, Clarence Leonard, M.S.E.; A.F.I.Ae.S.; Chief Re- 


search Engineer, Lockheed Aircraft Corp. 

Johnson, Robert Earle, B.S.; A.F.I.Ae.S.; Chief Field Engineer, 
Wright Aeronautical Corp. 

Johnston, Samuel Paul, B.S.; A.F.I.Ae.S.; Editor, ‘Aviation 
Magazine.”” (See W.W. in A.) 

Jones, Bradley, M.S.; A.F.I.Ae.S.; Prof. in charge Dept. Aero. 
Engineering, Univ. of Cincinnati. 

Jones, Walter Richard, M.E.; A.F.I.Ae.S.; A.F.R.Ae.S.; Proj- 
ect Engineer, Lockheed Aircraft Corp. (See W.W. in 
Eng.) 


- 


a ‘tes famous “Pioneer,” built by Budd, was 


the world’s first stainless-steel airplane. Its 
record gave indisputable proof of the unique 
worth of this strongest of all commercial 
metals in a field wherein a. high strength- 
weight ratio is as important as safety. Fol- 
lowing are some of the products, spot- and 
seam-welded by the SHOTWELD* process, that 


Budd builds of stainless steel for aviation: 


FLAPS 
WINGS 
AILERONS 
COWLINGS 
FIRE WALLS 
BOMB CHUTES 
TAIL SURFACES 
AMMUNITION BOXES 
GAS AND OIL TANKS 
PRESTONE RADIATORS 


* Reg. U. S. Pat. Off. 


EDWARD G. 
PHILADELPHIA 


BUDD MANUFACTURING COMPANY 


LOS ANGELES 
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Kaplan, Carl, Ph.D.; A.F.I.Ae.S.; Physicist, N.A.C.A. 

Kaplan, Michael Jay, B.S.; A.F.I.Ae.S.; U.S. Naval Aircraft 
Factory. 

Katzmayr, Richard, Dr.Ing.; A.F.I.Ae.S.; Director, Aero- 
dynamic Institute, and Prof., Wiener Technische Hoch- 
schule. Germany. 

Kean, John Scott, B.S.; A.F.I.Ae.S.; Aero. Engineer, U. S. Naval 
Aircraft Factory. 

Kemmer, Paul Hanes, M.S. in Ae.E.; A.F.I].Ae.S.; Captain, 
Air Corps; Chief, Aircraft Br., Experimental Engineering 
Section, Materiel Div., U. S. Army Air Corps. 

Kemper, Carlton, B.S.; A.F.I.Ae.S.; Chief, Power Plants Div., 
N.A.C.A. 


Kerber, Lawrence Vincent, Ae.E.; A.F.I.Ae.S.; Mgr., Wash- 
ington Office, Lockheed Aircraft Corp. (See W.W. in 
A.A.) 

Kimball, Leo Barnum, A.F.I.Ae.S.; Vice-Pres., Fuel Develop- 
ment Corp. 


Kirchner, Otto E., M.S.; A.F.I.Ae.S.; Chief Engineer, American 
Airlines, Inc. 

Kirsten, Frederick Kurt, E.E.; A.F.I.Ae.S.; Prof., Aero. Engi- 
neering, Univ. of Washington. (See W.W. in Eng.) 

Klein, Arthur Louis, Ph.D.; A.F.I.Ae.S.; Assoc. Prof. of Aero., 
Calif. Inst. of Technology; Consulting Engineer, Douglas 
Aircraft Co. 

Klein, George J., A.F.I.Ae.S.; Div. of Mech. Engineering, Na- 
tional Research Council. Canada. 

Klikoff, Waldemar Alexander, B.S.; A.F.I.Ae.S.; Aero. Engi- 
neer, Civil Aero. Authority. (See W.W. in A.A.) 

Knack, Frederick John, Ae.E.; A.F.I.Ae.S.; Chief Engineer & 
Vice-Pres., Luscombe Airplane Corp. 

Knight, Montgomery, B.S.; A.F.I.Ae.S.; Director, Daniel Gug- 
genheim School of Aeronautics, Georgia School of Tech- 
nology. 

Knowles, Thomas A., B.S.; A.F.I.Ae.S.; 
Zeppelin Transport, Inc. 

Koerner, Kamillo, Dr.Ing.; A.F.I.Ae.S.; 
Technical Univ. of Prague. Bohemia. 

Kollsman, Paul, Dipl.Ing.; A.F.I.Ae.S.; President, 
Instrument Co. 

Koolhoven, Frederik, A.F.I.Ae.S.; F.R.Ae.S.; Managing Direc- 
tor, N. V. Koolhoven Vliegtuigen. Holland. 

Koppe, Heinrich, Ph.D.; A.F.I.Ae.S.; Prof., Institut fiir Luft- 
fahrtmesztechnik & Flugmeteorologie, Technische Hoch- 
schule, Braunschweig. Germany. 

Korvin-Kroukovsky, Boris V., M.S.; A.F.I.Ae.S.; Chief Engi- 
neer, Edo Aircraft Corp. 


Vice-Pres., American 


Prof.i.r., German 


Kollsman 


Kotcher, Ezra, M.S.E.; A.F.I.Ae.S.; Prof., Air Corps Engi- 
neering School, Wright Field 
Kousnetzoff, Valerien P., M.E.; A.F.I.Ae.S.; Chief Engineer, 


American Mignet Aircraft Corp. 

Krenz, Edgar John, B.S. in E.E.; A.F.I.AeS.; 
ing School of Aeronautics. 

Kreusser, Otto Theodore, A.F.I.Ae.S.; Pres. and Gen. Manager, 
Allison Engineering Co. (See W.W.inA.; W.W. in Eng.) 

Krick, Irving Parkhurst, Ph.D., A.F.I.Ae.S.; Assoc. Prof., Mete- 
orology, Calif. Inst. of Technology. 

Kuethe, Arnold Martin, Ph.D.; A.F.I.Ae.S.; 
“Journal of the Aeronautical Sciences’’; 
Guggenheim Airship Institute. 

Kumpera, Teny, Dipl.Ing.; A.F.I.Ae.S.; Pres. and Gen. Man- 
ager, Walter Ltd. Czechoslovakia. 

Kurt, Franklin Thorndike, B.S.; A.F.I.Ae.S.; Engineer, Gillies 
Aviation Corp. (See W.W. in A.A.) 

Kuzmik, Paul de, M.E.; A.F.I.Ae.S.; Maintenance Engineer, 
Pan American Airways System. Brazil. 

Labensky, Boris P., A.F.I.Ae.S.; Manager, Experimental Dept., 
Vought- Sikorsky Aircraft, United Aircraft Corp. 

Lane, Kenneth Mortimer, S.B.; A.F.I.Ae.S.; Consulting Engi- 
neer, Wright Aeronautical Corp. 

Lange, Karl Otto, Dr.Ing.; A.F.I.Ae.S.. Research Meteorologist, 
Blue Hill Observatory, Harvard Univ. (See A.M. of S.) 


Instructor, Boe- 


Assoc. Editor, 
Consultant, 


Lansing, Raymond Possons, B.S.; A.F.I.Ae.S.; General Mgr., 
Eclipse Aviation Div., Bendix Aviation Corp. 


Larsen, Agnew E., A.F.I.Ae.S.; 
Autogiro Co of America 


Vice-Pres. & Chief Engineer, 


La ~_, Stanley S., B.S.; A.F.I.Ae.S.; Engineer, Bell Aircraft 
orp. 


Lecornu, Leon, D.Sc.; A-F.I.Ae.S.; Prof., Ecole Nationale 
Superieure de l’Aeronautique. France. 
Lederer, Jerome, M.E.; A.F.I.Ae.S.; A.M.R.Ae.S.; Chief 


Engineer, Aero Insurance Underwriters. (See W.W. in 
Eng.) 

Lee, John Glessner, M.S.; A.F.I.Ae.S.; Aeronautical Engineer, 
Research Division, United Aircraft Corp. 

Lehideux, Francois, A.F.I.Ae.S.; Managing Director, S.A. de 
Usines Renault. France. 


Leighton, Bruce Gardner, A.F.I.Ae.S.; Vice-Pres., Intercon- 
tinent Corp. (See B.B. of A.) 
Leisy, Clifford Jacob, A.F.I.Ae.S.; Project Engineer, Glenn L. 


Martin Co. 

Le Page, Wynn Laurence, A.F.I.Ae.S.; Pres., 
Aircraft Co. (See W.W. in Eng.) 
Lepere, Georges, Ing.Arts et Mfg.; A.F.I.Ae.S.; Managing 
Director, S.A. Etablissements Gourdou & Leseurre. 

France. 

Leslie, John Charles, M.S.; A.F.I.Ae.S.; Division Operations 
Mgr., Pacific Div., Pan American Airways Co. 

Lester, Everard Mason, B.S. in M.E.; A.F.I.Ae.S.; Installation 
Dept., Pratt & Whitney Aircraft, United Aircraft Corp. 

Levi-Civita, Tullio, D.Math.; A.F.I.Ae.S.; Former Prof. Rational 
Mechanics, Univ. of Rome. Italy. 

Little, Delbert Morse, A.F.I.Ae.S.; Principal Meteorologist in 
charge Aerological Div., U. S. Weather Bureau. 

Loeser, Oscar, Jr., B.S. in M.E.; A.F.I.Ae.S.; Chief Engineer, 
Engineering Div., U. S. Naval Air Station, Lakehurst. 
(See W.W. in Eng.) 

Lombard, Albert Eaton, Jr., Ph.D.; A.F.I.Ae.S.; Asst. Prof. of 
Aeronautics & Mechanical Engineering, Calif. Inst. of 
Technology. 

Loudenslager, Oscar William, B.M.E.; 
Engineer, Goodyear-Zeppelin Corp. 

Loudy, Flavius Earl, Ae.E.; A.F.I.Ae.S.; Aero. Engineer, Office 
of Inspector of Naval Aircraft, Grumman Aircraft Engi- 
neering Corp. (See W.W. in A.A.) 

Luburg, Guy A., B.S.; A.F.I.Ae.S.; Asst. Chief Engineer, Brew- 
ster Aeronautical Corp. 

Lundquist, Eugene Edward, B.S. in C.E.; A.F.I.Ae.S.; Assoc. 

Aero. Engineer, N. 

Luscombe, Don A., A.F.I.Ae.S. 

Lusk, Hilton Frank, M.S.; A.F.I.Ae.S.; Prof. of Aero., Director, 
Sacramento Junior College Technical Institute of Aero- 
nautics. 

Lynam, Frank Charles, A.F.I.Ae.S.; A.F.R.Ae.S.; Designer and 
Chief Technician, Airscrew Co. Ltd. England. 

Lyon, Alfred J., M.E.; A.F.I.Ae.S.; Major, Materiel Div., 
U. S. Army Air Corps. (See W.W. in A.A.) 

MacClain, Albert Lewis, M.S.; A.F.I.Ae.S.; Chief Test Pilot 
and Aero. Engineer, Pratt & Whitney Aircraft, United 
Aircraft Corp. 

MacCouil, Neil, M.E.; A.F.I.Ae.S.; Research Engineer, Beacon 
Laboratory, The Texas Co. 

MacGregor, John Ryle, B.S.; A.F.I.Ae.S.; A.F.R.Ae.S.; Re- 
search Engineer, Standard Oil Co. of Calif. 

Mailloux, Ernest Joseph, S.B.; A.F.I.Ae.S.; Chief of Struc- 
tures, Vought-Sikorsky Aircraft, United Aircraft Corp. 

Majneri, Ludwig A., Dipl.Ing.; A.F.I.Ae.S.; Vice-Pres. and 
Chief Engineer, Warner Aircraft Corp. 

Malmer, Ivar, Ph.D.; A.F.I.Ae.S.; Prof. of Aero., Royal Univ. 
of Technology. Sweden. 

Mandolf, Ikarus Henry, M.E.; A.F.I.Ae.S.; Project Engineer, 
Consolidated Aircraft Corp. 

Markey, Roscoe Irvin, B.M.E.; A.F.I.Ae.S.; Development En- 
gineer, Pollak Mfg. Co. (See W.W. in Eng.) 

Markham, John Raymond, A.F.I.Ae.S.; Asst. Prof., Aero. Engi- 
neering, Mass. Inst. of Technology. 


Platt Le Page 


A.F.I.Ae.S.; Mech. 


Martin, Harold Smith, M.S.; A.F.I.Ae.S.; Materiel Div., 
Wright Field. 
McDonnell, James Augustus, Ae.E.; A.F.I.Ae.S.; District 


Manager, U. S. Army Air Corps. 


McDonnell, James Smith, Jr., M.S. in Ae.E.; A.F.I.AeS.; 
Pres., McDonnell Aircraft Corp. (See W.W. in A.A.) 


URTISS-WRIGHT 


Manufacturing Divisions 


Curtiss Aeroplane Division, Buffalo, New York—Curtiss Propeller Division, Clifton, New Jersey— 
St. Louis Airplane Division, Robertson, Missouri— Wright Aeronautical Corporation, Paterson, New Jersey 


Curtiss Army P-36 Pursuit Plane— Curtiss Navy SBC-4 Powered by a Curtiss P-40 Advanced Pursuit of the 
Standard Pursuit Airplane of the U. S. Wright Cyclone—the Standard Scout- U. S. Army Air Corps—Reputed to be 
Army Air Corps. Bomber of the U. S. Navy. the World's Fastest Airplane of This Type. 


Curtiss-Wright 36-Passenger Transport Curtiss Electric ‘‘Full-Feathering’’ Pro- Curtiss-Wright CW-21 Interceptor Fighter 
Equipped with Two 1600 hp. Double- peller Installed in Many Types of Army, Equipped with a Wright Cyclone Engine 
~— Cyclones and Curtiss Electric Pro- Navy and Commercial Aircraft. and Curtiss Electric Propeller. 

pellers. 


Wright Cyclone 1200 hp. 9-Cylinder, Single-Row, Wright Cyclone 1600 hp. 14-Cylinder Double- 
Radial, Air-Cooled Engine. Row, Radial, Air-Cooled Engine. 


CURTISS-WRIGHT CORPORATION 


30 ROCKEFELLER PLAZA, NEW YORK CITY, U.S. A. 
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McGinty, Walter Francis, B.S. in Ae.E.; A.F.I.Ae.S.; Chief En- 
gineer, TransAir Corp.; Pres., Batwing Aircraft Corp. 

McMullen, Clements, A.F.I.Ae.S.; Major, U.S. Army Air Corps. 
(See W.W. in A.A.) 

Meissner, Ernst Franz Samuel, 
Ziirich Eidgendssische ‘Technische Hochschule. 
land. 

Melan, Ernst, Dr.Ing.; A.F.I.Ae.S.; Prof. Ingenieurkonsulent, 
Technische Hochschule in Wien. Germany. 

Melan, Joseph, Hon.Dr.Ing.; A.F.I.Ae.S.; Prof., Prag Deutsche 
Technische Hochschule. Czechoslovakia. 

Menasco, Albert oe A.F.I.Ae.S.; Pres., Menasco Mfg. Co. 
(See B.B. of A.) 

Mercier, Pierre Ernest, A.F.I.Ae.S.; Chief Engineer, Soc. 
Nationale de Constructions du Sud-Est. France. 

Meredith, Russell Luff, A.F.I.Ae.S.; Captain (Ret.), U.S.A.C.; 
Test Pilot and Engineer, Aircraft Radio Corp. 

Merriam, Kenneth Gerald, M.S. in M.E.; A.F.I.Ae.S.; Prof. 
of Aero., Worcester Polytechnic Inst. (See W.W. in Eng.) 

Mesinger, Frederick William, A.F.I.Ae.S.; District Mgr. (New 
York), Norma-Hoffmann Bearings Corp. 

Metcalf, Arthur George Bradford, S.M.; A.F.I.Ae.S.; A.F.R 
Ae.S.; Pres., North American Research Corp. 

Metral, Albert R., B.S.; A.F.I.Ae.S.; Prof., Aerodynamics, 
Conservatoire Nationale des Arts et Metiers. France. 

MeVay, Francis, M.S. in Ae.E.; A.F.I.Ae.S.; Stress Analyst, 
Seversky Aircraft Corp. 

Meyer, Andre Johannes, M.E.; A.F.I.Ae.S.; Prof., Aero. and 
Mech. Engineering, Univ. of Kentucky; Consulting Engi- 
neer, Wright Aeronautical Corp. 

Milham, Willis Isbister, Ph.D.; A.F.I.Ae.S.; Prof. of Astronomy, 
Williams College. (See W.W. in A.) 

Miller, Elton Willard, B.S. in M.E.; A.F.I.Ae.S.; Chief, Aero- 
dynamics Div., N.A.C.A. 

Miller, Roy Austin, B.S. in C.E.; A.F.I.Ae.S.; Chief, Structures 
Group, Consolidated Aircraft Corp. 

Miller, William Henri, S.M.; A.F.I.Ae.S.; Aero. Engineer, 
U. S. Naval Aircraft Factory. (See W.W. in Eng.) 

Mitchell, Charles Lyman, A.F.I.Ae.S.; Meteorologist, 
Weather Bureau. (See A.M. of S.; W.W. in A.) 

Mock, Frank Carleton, A.F.I.Ae.S.; Vice-Pres. Engineering, 
Stromberg Carburetor Div., Bendix Aviation Corp. 

Mock, Richard Maxwell, B.S. in M.E.; A.F.I.Ae.S.; Amer. 
Representative, N. V. Nederlandsche Vliegtuigenfabriek 
Fokker. (See W.W. in A.A.) 

Moffett, Richard John, Dipl.Ae.E.; A.F.I.Ae.S.; A.F.R.Ae.S.; 
Manager, Aircraft Dept., Canadian Vickers Ltd. Can- 
ada. (See W.W. in B.A.) 

Moodie, T. Edward, M.S. in Ae.E.; A.F.I.Ae.S.; Vice-Pres. and 
Gen. Manager, Trailcar, Inc. (See W.W. in Eng.) 
Moore, Norton Bartlett, Ph.D.; A.F.I.Ae.S.; A.F.R.Ae.S; Asst. 
Prof. Mech. Engineering, Univ. Calif. (See A.M. of S.; 

W.W. in A.A.) 

Morane, Robert C., A.F.I.Ae.S.; Vice-Pres. and Administrator, 
Aeroplanes Morane-Saulnier Soc. An. France. 

Mosebach, Walter G. E., M.E.; A.F.I.Ae.S.; Manager, Struc- 
tural Design Dept., Goodyear-Zeppelin Corp. 

Moseley, David Leigh, B.S.; A.F.I.Ae.S.; Aero. Engineer, 
Douglas Aircraft Co. 

Mosso, Giacomo Gregorio, Dr.Ing.; A.F.I.Ae.S.; Asst. Designer, 
Aviazione Fiat S.A. Italy. 

Mullinnix, Henry Maston, M.S.; A.F.I.Ae.S.; Naval Aviator, 
Commander, U. S. Navy. ’(See W.W. in A.A.) 

Muniz, Antonio Guedes, Lt. Colonel, Brazilian A.C.; Chief, 
Technical Service, Air Corps. Brazil. 

Nagel, Conrad Frederick, Jr., B.Ch.; A.F.I.Ae.S.; Chief Metal- 

lurgist, Fabricating Div., Aluminum Co. of America. 

Felix, Dr.Ing.; A.F.I.Ae.S.; Development Engineer, 

Glenn L. Martin Co. 

Nakanishi, Fujio, Dr.Eng.; A.F.I.Ae.S.; Prof. Aero. Eng., Col- 
lege of Engineering, Tokyo Imperial Univ. Japan. 
Neumark, Stefan, Dr.Tech.Sc.; A F.I.Ae.S.; Technical Adviser, 

Institute of Research for Aeronautics. Poland. 

Nicolas, F. M. Maurice, A.F.I.Ae.S.; Manager, Soc. Nationale 

de Constructions Aeronautique du Sud-Est. France. 


‘ Nikolsky, Alexander, M.S. in Ae.E.; A.F.I.Ae.S.; Vought- 


Ph.D.; A.F.I.Ae.S.;  Prof., 
Switzer- 


U. 


Nagel, 


Sikorsky Aircraft, United Aircraft Corp. 
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Noorduyn, Robert Bernard Cornelis, A.F.I.Ae.S.; A.M.R.Ae.S.; 
Vice-Pres. and Gen. Manager, Noorduyn Aviation Ltd 
Canada. (See W.W. in A.A.) 

North, John Dudley, A.F.I.Ae.S.; F.R.Ae.S.; Director, Boulton 
Paul Aircraft Ltd. England. (See W.W. in B.A.) 

Ober, Shatswell, S.B.; A.F.I.Ae.S.; Assoc. Prof., Aero. Engi- 
neering, Mass. Inst. of Technology. 

Ogawa, Taitiro, A.F.I.Ae.S; Asst. Prof., Member of Aero. Re- 
search Institute, Tokyo Imperial Univ. Japan. 

Olshevsky, Dimitry E., Ph.D.; A.F.I.Ae.S; Chief Engineer, 
Aero Research Wind Tunnel Co. (See A.M. of S.) 

Ono, Masami, A.F.I.Ae.S.; Chief Research Engineer, Kawanisi 
Aircraft Co. Ltd. Japan. 

Oseen, Carl Wilhelm, Ph.D.; A.F.I.Ae.S.; Director, Section for 
Theoretical Physics, Nobel Institute of the Royal Acad- 
emy of Sciences. Sweden 

Ostrander, John Edwin, Jr., M.S. in M.E.; A.F.I.Ae.S.; Comdr., 
U. S. N.; Production Supt., Naval Aircraft Factory, 


Phila. 

Otto, Bowman Ransom, A.F.I.Ae.S.; Sales Engineer, Breeze 
Corporations. 

Overbeke, John William, A.F.I Ae.S.; Group Engineer, Glenn L. 
Martin Co. 


Page, George Augustus, Jr., A.F.I.Ae.S.; Chief Engineer, St. 
Louis Airplane Div., Curtiss-Wright Corp. 

Pagon, William Watters, M.C.E.; A.F.I.Ae.S.; Consulting Engi- 
neer. (See W.W. in Eng.) 

Palmer, Richard Walter, M.S.; A.F.I.Ae.S.; 
Vultee Aircraft Div., Aviation Mfg. Corp. 

Parr, Warren Sherman, M.S. in Ae.E.; A.F.I.Ae.S.; Naval Avia- 
tor; Lt. Comdr., Bur. Aeronautics, U. S$. Navy. 

Patterson, Charles Everett, A.F.I.Ae.S.; Engineer, Power Plant 
Sec., North American Aviation, Inc. 

Paulson, George McKinley, B.S. in M.E.; A.F.I.Ae.S.; Chief 
Engineer, The B. G. Corp. (See W.W. in A.A.) 

Peace, John D., Jr., M.E.; A.F.I.Ae.S.; Sales Manager, Fair- 
child Aerial Camera Corp. 

Peck, William Cecil, B.S. in M.E.; A.F.I.Ae.S.; Aero. Engineer, 
Civil Aero. Authority. 

Pegna, Giovanni, Dr.Ing.; A.F.I.Ae.S.; Project Engineer, Soc. 
Aeroplani Caproni. Italy. 

Pegram, George Braxton, Ph.D.; Sc.D.; A.F.I.Ae.S.; 
Physics; Dean, Graduate School, Columbia Univ. 
W.W. in A.) 

Perkins, Charles Kendall, B.S. in E.E.; A.F.I.Ae.S.; Project 
Engineer, St. Louis Airplane Div., Curtiss-Wright Corp. 

Perrin, Harold Ernest, C.B.E.; A.F.I.Ae.S.; Secretary, The 
Royal Aero Club. England. 

Peterman, Eldo Armon, B.S.; A.F.I.Ae.S.; Engineer in Charge, 
West Coast Br., Civil Aero. Authority. 

Peters, Heinrich, Dr.Eng.; A.F.I.Ae.S.; Assoc. Prof., Aero. Engi- 
neering, Mass. Inst. of Technology. 

Petroff, Alexander N., M.S.; A.F.I.Ae.S.; Engineer, 
Aeroplane Div., Curtiss-Wright Corp. 

Piccard, Jean Felix, D.Sc.; A.F.I.Ae.S.; Prof. Aero. Engineering, 
Univ. of Minnesota. 

Pihl, Paul Edward, M.S.; A.F.I.Ae.S.; Lt. Comdr., U. S. N.; 
Asst. Naval Attache & Naval Attache for Air, Berlin. 
(See W.W. in A.A.) 

Platt, Haviland Hull, M.E.; A.F.I.Ae.S.; Vice-Pres., 
Le Page Aircraft Co. (See W.W. in Eng.) 

Poggi, Lorenzo, Dipl.Ing.Ae.; A.F.I.Ae.S.; R. Scuola di Ingeg- 
neria di Pisa. Italy. 

Prager, Willy, Dr.Ing.; A.F.I.Ae.S.; Ord. Prof. of Mechanics, 
Univ. of Istanbul. Turkey. 

Pratt, Haraden, B.S.; A.F.I.Ae.S.; Vice-Pres. and Chief Engi- 
neer, Mackay Radio & Telegraph Co. (See W.W. in Eng). 

Prewitt, Richard Hickman, B.S. in M.E.; A.F.I.Ae.S.; Vice- 
Pres. in charge of Engineering, Kellett Autogiro Corp. 
(See W.W. in Eng.) 

Pritchard, John Laurence, A.F.I.Ae.S.; Hon.F.R.Ae.S.; Secre- 
tary, Royal Aeronautical Society. England. (See W.W. 
in B.A.) 

Pyne, Frederick Cruger, B.S.; 
Aluminum Co. of America. 

Ramsden, Earl Irving, B.S. in M.E.; A.F.I.Ae.S.; Project Engi- 
neer, Grumman Aircraft Engineering Corp. 


Chief Engineer, 


Prof., 
(See 


Curtiss 


Platt 


A.F.I.Ae.S.; Sales Engineer, 
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Rauscher, Manfred, Sc.D.; A.F.I.Ae.S.; Asst. Prof., Aero. Engi- 
neering, Mass. Inst. of Technology. 

Reddig, James Clendenin, B.S.; A.F.I.Ae.S.; Development En- 
gineer, Kenyon Instrument Co. 

Reichel, Wladimir Alexander, E.E.; A.F.I.Ae.S.; Vice-Pres. in 
charge of Engineering, Pioneer Instrument Co. 

Reichelderfer, Francis Wilton, D.Sc.; A.F.I.Ae.S.; Commander, 

. Navy; Chief, U. S. Weather Bureau. (See W.W. 
in A.A.) 

Reissner, Hans, Dr.Ing.; A.F.I.Ae.S.; Research Prof. of Engi- 
neering, Armour Inst. Technology. 

Renison, William Henry, Jr., B.S.; A.F.I.Ae.S.; Engineer, Con- 
solidated Aircraft Corp. 

Rennie, Edward James Cadell, M.E.; A.F.I.Ae.S.; A.M.R.- 
Ae.S.; Senior Lecturer in Aero. and Mech. Engineering, 
Melbourne Univ. Australia. 

Rieger, Leonz P. A., Dipl.Ing.; A.F.I.Ae.S.; Aero. Engineer, 
Luftschiffbau Zeppelin G.m.b.H. Germany. 

Riley, Robert Sanford, B.S. in Ae.E.; A.F.I.Ae.S.; Project En- 
gineer, Pratt & Whitney Aircraft, Unitéd Aircraft Corp. 

Robert, Inspecteur General, A.F.I.Ae.S.; Director, Ecole Na- 
tionale Superieure de l’Aeronautique. France. 

Roberts, Francis Aubrey, A.F.I.Ae.S.; A.F.R.Ae.S.; Senior Pro- 
duction Officer, Air Ministry. England. 

Robertson, Burton J., E.E.; A.F.I.Ae.S.; Assoc. Prof., Internal 


Combustion Engines, Univ. of Minnesota. (See W.W. 
in Eng.; A.M. of S.) 
Robinson, Russell Gideon, M.E.; A.F.I.Ae.S.; Aerodynamic 


Research, N.A.C.A. 

Root, Leonard Eugene, M.S. in Ae.; A.F.I.Ae.S.; Administra- 
tive Asst., Aerodynamics Group, Douglas Aircraft Co. 

Rothrock, Addison May, B.S.; A.F.I.AeS.; Senior —_— 
Fuel Injection and Combustion Research, N.A.C.A 

Ruffner, Benjamin F., Jr., M.S.; A.F.1.Ae.S.; 
Engineering, Oregon State College. 

Russell, James Sargent, M.S. in Ae.E.; A.F.I.Ae.S.; Naval 
Aviator; Lieutenant, U. S. Navy. 

Ryder, Edmund Linton, Ae.E.; A.F.I.Ae.S.; Instructor in Aero. 
Engineering, Boeing School of Aeronautics. 

Rydlun, Edwyn Gustave, Ae.E.; A.F.I.Ae.S.; Asst. to Procure- 
ment Planning Representative, U. S. Army Air Corps. 

Rylsky, Gregory Vladimir, M.E.; E.E.; A.F.I.Ae.S.; Engineer 
in charge Experimental Lab., Pioneer Instrument Co. 

Sanborn, John Albert, B.S.; A.F.I.Ae.S.; Gen. Manager, Manu- 
facturers Aircraft Association. 

Sauerwein, Robert Taylor, S.M.; A.F I.Ae.S.; Engineering 
Dept., Pratt & Whitney Aircraft, United Aircraft Corp. 

Sayre, Daniel Clemens, M.S.; A.F.I.Ae.S.; Director Bu. 
Statistics and Information, C.A.A. 

Schaefer, Everett Bernard, M.S.; A.F.I.Ae.S.; Technical Ad- 
visor, Aircraft Inventions Ltd. England. 

Scheubel, Fr. Nikolaus, Dr.Ing.; Prof., Aero. Engineering, 
Darmstadt Technische Hochschule. Germany. 

Schildhauer, Clarence Henry, A.F.I.Ae.S.; Operations Mgr., 
Atlantic Div., Pan American Airways, Inc. (See W.W. 
in Eng.) 

Schnitzer, Benjamin J., A.F.I.Ae.S.; Aero, Engineer, Goodyear- 
Zeppelin Corp. 

Schoonmaker, James M., Jr., A.F.I.Ae.S. 

Schubauer, Galen Brandt, Ph.D. in Phys.; A.F.I.Ae.S.; 
Physicist, National Bureau of Standards. 

Schwendler, William Theodore, B.S.; A.F.I.Ae.S.; Chief Engi- 
neer, Grumman Aircraft Engineering Corp. (See W.W. 
in A.A 

Scott, Merit, Ph.D.; A.F.I.Ae.S.; Assoc. Prof., Physics, The 
Pennsylvania State College. (See A.M. of S.) 

Scudder, Nathan Frost, M.S.; A.F.I.Ae.S 

Sechler, Ernest Edwin, Ph.D. in Ae.; A.F.I AeS.; 
Airplane Design, Calif. Inst. of Technology. 
of S.) 

Seguin, Charles Auguste, A.F.I.Ae.S.; Director, Dept. of Re- 
search, Air Ministry. France. 


Prof. of Aero. 


Assoc. 


Asst. Prof, 
(See A.M. 


Seymour, Lester D., E.E.; A.F.I.Ae.S.; Gen. Manager, Pitts- 
burgh Valve & Fittings Div., The Pitcairn Co. 
in A.A.) 

Sezawa, Katsutada, A.F.I.Ae.S.; Research Prof. of Aero., Tokyo 
Imperial Univ. 


(See W.W. 


Japan. 
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Shangraw, Clayton C., A.F.I.Ae.S.; Eclipse Aviation Div., Ben 
dix Aviation Corp. 

Shaw, Sir (William) Napier, D.Sc.; A.F.I.Ae.S.; Director (Ret.), 
Meteorological Office; Prof. Meteorology (Ret.), Imperial 
College of Science & Technology. England. (See 
B.W.W.) 

Shebat, Herbert V., A.F.I.Ae.S.; 
Wright Aeronautical Corp. 

Sheridan, Laurence Ward, Ph.D.; A.F.I.Ae.S.; 
matics, College of Mt. St. Vincent. 

Shields, William, A.F.I.Ae.S.; Designing 
Whitney Aircraft, United Aircraft Corp. 

Shoemaker, James Marshall, M.S. in Ae.E.; A.F.I.Ae.S.; Com- 
mander, U.S. Navy; Asst. Naval Attache for Air, Ameri- 
can Embassy. France. (See W.W. in A.A.) 

Shoemaker, James Maurice, M.S. in Ae.E.; A.F.I.Ae.S.; Proj- 
ect Engineer, Power Plant Installation, Vought-Sikorsky 
Aircraft, United Aircraft Corp. 

Shumovsky, Stanislav Antony, M.S. in Ae.; A.F.I.Ae.S.; Asst. 
American Representative, Commissariat of Heavy In- 
dustry of the U.S.S.R. 

Sibert, Harold Ward, Ph.D.; A.F.I.Ae.S.; Assoc. Prof. of Math. 
and Aero., Univ. of Cincinnati. 

Sigrist, Frederick, A.F.I.Ae.S.; F.R.Ae.S.; Director, Hawker 
Aircraft Ltd., Hawker Siddeley Aircraft Co. Ltd. Eng- 
land. (See W.W. in B.A.) 

Sikorsky, Igor Alexis, Ae.E.; A.F.I.Ae.S.; Aero. 
Vought-Sikorsky Aircraft, United Aircraft Corp. 

Silla, Lucio, D.Sc.; A.F.I.Ae.S.; R. Scuola di Ingegneria Aero- 
nautica di Roma. Italy. 

Silverstein, Abe, M.E.; A.F.I.Ae.S.; 
N.A.C.A. 

Sims-White, Harold Walter, A.F.I.Ae.S.; A.F.R.Ae.S.; Chief 
Instructor, R.A.F. Observer’s School, Perth, Scotland. 

Smith, Clyde Wendell, A.F.I.Ae.S.; Naval Aviator; Lt. Comdr., 

S. Navy. 

Smith, Richard Harbert, Ph.D.; A.F.I.Ae.S.; Prof., Aero. Engi- 
neering, Mass. Inst. of Technology. (See A.M. of S.; 
W.W. in Eng.) 

Smith, Wesley Leland, A.F.I.Ae.S.;  Vice-Pres. and Gen. Mgr., 
Virginia Rubatex Corp. (See W.W. in A.A.) 

Soden-Fraunhofen, Alfred M. Graf von, Dipl.Ing.; A.F.I.Ae.S.: 
Directing Manager, Zahnradfabrik. Germany. 

Sokoloff, Nicholas A., A.F.I.Ae.S. Russia. 

Somers, Francis P., A.F.I.Ae.S.; Metallurgist, U. §. Neval Air- 
craft Factory. 

Sontag, Harcourt, B.S. in M.E.; A.F.1.Ae.S ; 
neer, Nationa! Bureau of Standards. 

Spangler, Selden Booth, S.M.; A.F.I.Ae.S.; Lt. Comdr., 
U.S. N.; Engineering Duty, Power Plant Design Section, 
Bu. Aeronautics, Navy Dept. 

Spaulding, Roland Harvey, Ph.D.; A.F.I.AeS.; 
School of Education, New York Univ. 

Spey, Herbert John, B.Ae.; A.F.I.Ac.S.; Asst. Aero. Engineer, 
U.S. Fleet Air Base, Coco Solo. 

Spilhaus, Athelstan Frederick, S.M. in Ae.E.; A.F.I.Ae.S.; 
Asst. Prof. Meteorology, Chairman, Dept. of Meteorology, 
New York Univ. 

Spillinger, Harry Gordon, B.S.; A.F.I.Ae.S.; Experimental Test 
Engineer, Lawrance Engineering & Research Corp. 
Squires, John, A.F.I.Ae.S.; Pres. and Chief Engineer, Air Pro- 

pellers, Inc. 

Stack, John, S.B.; A.F.I.Ae.S.; Research Engineer, N.A.C.A 
Stalb, Ralston, A.F.I.Ae.S.; Engineer, Grumman Aircraft Engi 
neering Corp. (See W.W. in A.A.) 
Stalker, Edward Archibald, M.S.; A.F.I.Ae.S.; 
Engineering and Chairman of the Dept. 
neering, Univ. of Michigan. (See W.W. 

in A.) 

Stanley, Paul Hamar, B.S.; A.F.I.Ae.S.; 
Chief Engineer, Pitcairn Autogiro Co. 

Stearns, Ray, Ph.B.; A.F.I.Ae.S.; Engineer, Aero. and Marine 
Dept., General Electric Co. 

Stefansson, Vilhjalmur, LL.D.; A.F.I.Ae.S.; 
ern Operations, Pan American Airways, Inc. 
in A.) 

Stewart, Charles John, A.F.I.Ae.S.; 
Research & Production, Air Ministry. 


Test Pilot and Engineer, 
Prof. Mathe- 


Pratt & 


Engineer, 


Assoc. Aero. Engineer, 


Assoc, Aero. Engi- 


Asst. Prof., 


Prof., Aero. 
of Aero. Engi- 
in Eng., W.W 


A.F.R.Ae.S.; Asst. 


Adviser on North- 
(See W.W. 


F.R.Ae.S.; Director, Civil 
England. 


EQUIPMENT 


gives you confidence 


‘Series 11—Hand Inertia Starter AM 


Your faith in the reliability of Eclipse equipment 

is not founded on one test—or a dozen—or a hun- 

dred. Nor was it gained in a day—or a year. 
The universal confidence aviation places in 


Type E-160—Direct Eclipse products is the result of literally hun- 
i: i ce dreds of thousands of flights in every type of 
service through many years. 

An Eclipse product is always a reliable product 
— before it is ever offered to an airman. That's a 


thoroughly proved fact worth remembering. 


ECLIPSE AVIATION 
1500 watt Engine Driven 
Generator—12 or 24 volt DIVISION OF BENDIX AVIATION CORPORATION 
BENDIX, NEW JERSEY 


Canadian Sales and Service 


AVIATION ELECTRIC LIMITED 
3483 PARK AVENUE - MONTREAL 


Eclipse Electric Motor Driven 
Type B3 ‘‘De-Icer’’ Distributing Valve 


Air Pump (engine driven) 


Eclipse Propeller 
Anti-Icer Pump f 


Type 8-GM—Electric 
Motor Driven Hydraulic Pump 
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Technical Director, 
Marina di 


Stiavelli, Manlio, Dr.Ing.; 
Costruzioni Meccaniche Aeronautiche S.A. 


A.F.1.Ae.S. ; 


Pisa. Italy. 

Stoughton, Milton Fairfield, B.S.; A.F.I.Ae.S.; Engineer in charge 
of Preliminary Design, Vultee Aircraft Div., Aviation 
Mfg. Corp. 

Strang, Charles R., B.S.; A.F.I.Ae.S.; Aero. Engineer, Douglas 
Aircraft Co. 

Stryker, Carleton E., B.S. in M.E.; A.F.I.Ae.S.; Engineer, Ben- 
dix Aviation Ltd. (See W.W. in A.A.) 

Suering, Reinhard, Ph.D.; A.F.I.Ae.S.; Meteorologist. 
many. 

Sutton, Harry Allen, B.S.; A.F.I.Ae.S.; Aero. Engineer, Con- 
solidated Aircraft Corp. 

Sutton, Wilson L., C.E.; A.F.I.Ae.S.: Vice-Pres. & Chief Engi- 
neer, Fleetwings, Inc. 


Symington, William Wallace, Jr., B.S. in M.E.; A.F.I.AeS.; 
Head of Aerodynamics Dept., Glenn L. Martin Co. 


Tanakadate, A., D.Sc.; A.F.I.Ae.S.; Emeritus Prof. of Physics, 
Imperial Academy of Science. Pres., Research Council. 
Japan. 

Teichmann, Frederick Kurt, Ae.E.; M.M.E.; A.F.I.Ae.S.; Asst. 
Prof., Daniel Guggenheim School of Aeronautics, New 
York Univ. 

Teofilato, Pietro, A.F.I.Ae.S.; 
Director, Mathematical Inst., 
Italy. 

Terazawa, Kwan-ichi, A.F.I.Ae.S.; Prof., Aerodynamics, Takyo 
Imperial Univ. Japan. 

Terry, John Bascom, B.S.; A.F.I.Ae.S.; Chief Chemist, Stand- 
ard Oil Co. of Calif. 

Thaden, Herbert Von, S.B.; A.F.I.Ae.S.; Aviation Representa- 


Ger- 


Prof. Rational Mechanics & 
R. Universita d’Cagliari. 


tive, Stainless Steel Div., U.S. Steel Corp. (See W.W. in 
Eng.) 

Thalau, Karl, Dr.Ing.; A.F.I.Ae.S.; Prof., Technische Hochschule, 
Berlin. Germany. 


Thieblot, Armand Jean, B.S.; A.F.I.Ae.S.; Chief Engineer, Fair- 
child Aircraft Corp. 

Thomas, Frederick Metcalf, M.S.; A.F.I.Ae.S.; A.F.R.Ae.S.; 
Engineering Manager, Airscrew Div., de Havilland Air- 
craft Co. Ltd. England. 

a Floyd LaVerne, B.S.E.; A.F.I.Ae.S.; Aero. Engineer, 

N.A.C.A. (See W.W. in A.A.) 

Thompson, Milton John, D.Sc.; A.F.I.Ae.S.; Assoc. Prof., Aero. 
Engineering, Univ. of Michigan. (See W.W. in Eng.) 

Thorp, George Boulton, S.B. in Ae.E.; A.F.I.Ae.S.; Asst. Prof., 
Aero. Engineering, Carnegie Inst. of Technology. 

Thurston, Albert Peter, D.Sc.Eng.; A.F.I.Ae.S.; F.R.AeS.; 
Pres., Society of Model Aeronautical Engineers. England. 
(See W.W. in B.A.) 

Tilgner, Charles, Jr., C.E.; A.F.I.Ae.S.; Chief of Structures, 
Grumman Aircraft Engineering Corp. 

Tillinghast, T. E., B.Sc.; A.F.I.Ae.S.; Sales Manager, Pratt & 
Whitney Aircraft, United Aircraft Corp. 

Tiltman, Alfred Hessell, B.S.; A.F.I.Ae.S.; F.R.Ae.S.; 
aging Director, Airspeed (1934) Ltd. England. 

Troller, Theodor Henry, Dr.Ing.; A.F.I.Ae.S.; Director, Daniel 
Guggenheim Airship Institute. 

Troshkin, Alexander Nikita, M.S.; A.F.I.Ae.S 
Resistoflex Corp. 

Tseng, John Tung, M.S. in Ae.E.; A.F.I.Ae.S.; Asst. Factory 
Supt., Central Aircraft Mfg. "Co. China. 

Tupper, Kenneth Franklin, M.S.; A.F.I.Ae.S.; A.F.R.Ae.S.; 
Asst. Research Physicist, National Research Council. 
Canada. 

Valensi, Jacques, D.Sc.; A.F.I.Ae.S.; Prof., Fluid Mechanics, 
Inst. of Fluid Mechanics, Faculte des Sciences de Mar- 
seille. France. 

Van Zandt, John Parker, Ph.D.; A.F.I.Ae.S.; Civil Aeronautics 
Authority. (See A.M. ofS.) 


Verville, Alfred A.F.1.Ae.S.; 


Man- 


; Chief Engineer, 


Consulting Engineer. 


(See B.B. of A 


Vincert, Jesse Gurney, Hon.M.E.; A.F.I.Ae.S.;' Vice-Pres. of 
Engineering, Packard Motor Car Co. 


(See B.B. of A.) 


Wait, George Enoch, B.A.Sc.; D.I.C.; A.F.I.Ae.S.; A.F.R.Ae.S.; 
Wing Comdr., R.C.A.F.; Senior Staff Officer (Develop- 
ment), Dept. of National Defence. Canada. 

Wait, William, Jr., A.F.I.Ae.S.; Experimental Project Engineer, 
U. S. Naval Aircraft Factory. 

Ward, Nairne Forsyth, M.M.E.; A.F.I.Ae.S.; Assoc. Prof.,, Mech. 
Engineering, Univ. of California; Lecturer on Metallurgy, 
Boeing School of Aeronautics. (See W.W. in A.) 

Ware, Raymond, B.Sc.; A.F.I.Ae.S.; Consulting Engineer (Aero. 
Engines). (See W.W. in A.A.) 

Warner, William O., A.F.I.Ae.S.; Pres., Warner Aircraft Corp. 

Waseige, Charles Raymond, A.F.I.Ae.S.; Gen. Mgr., S.A. Air- 
Equipment. France. 

Waterman, Waldo Deane, M.E.; A.F.I.Ae.S.; Manager, Water- 
man Arrowplane Corp. (See B.B. of A.) 

Wattendorf, Frank Leslie, Ph.D. in Ae.; A.F.I.Ae.S.; A.F.R.- 
Ae.S. 


Watter, Michael, Dr.Eng.; A.F.I.Ae.S.; Chief Engineer, Aircraft 
Div., Edward G. Budd Mfg. Co. (See W.W. in Eng.) 


Watts, Henry Charles, D.Sc.; A.F.I.Ae.S.; F.R.Ae.S.; Techni- 
cal Director, Airscrew Co. Ltd. England. (See W.W. 
in. B.A.) 


Webster, Walter Wynne, M.S.; A.F.I.Ae.S.; Captain, U. S. N.; 
Manager, U. S. Naval Aircraft Factory. (See W.W. in 
A.A.) 


Weeks, William Henry, S.B. 
Airworthiness Section, Midwest Br., 
Weems, Philip Van Horn, A.F.I.Ae.S.; Lt. 
U.S.N.; Weems System of Navigation. (See B.B. of A.) 
Wells, Willis Long, B.Arch.; A.F.I.Ae.S.; Engineer, St. Louis 
Airplane Div., Curtiss-Wright Corp. 

Welty, George Donald, M.E.; A.F.I.Ae.S.; 
Co. of America. 

Wenzinger, Carl Joseph, M.E.; 
Engineer, N.A.C.A. 

Weske, John Robert, Sc.D.; A.F.I.Ae.S.; Asst. Prof. of Acro- 
dynamics, Case School of Applied Science. (See A.M. 
of S.) 

Weymouth, Frederick R., A.B.; 
St. Louis Airplane Div., Curtiss-Wright Corp. 
in Eng.) 

Wheatley, John Brooks, M.E.; A.F.I.Ae.S.; Head of Aero- 
dynamics & Flight Testing, Northrop Div., Douglas Air- 
craft Co. 

White, Karl Hardy, B.S. in M.E.; A.F.I.Ae.S.; Principal Aero. 
Engineer, U. S. Naval Aircraft Factory. (See W.W. in 
A.A.) 


in Ae.E.; A.F.I.Ae.S.; Aircraft 
Civil Aero. Authority. 


Comdr. (Ret.), 


Engineer, Aluminum 


A.F.I.Ae.S.; Aero. Research 


A.F.I.Ae.S.; Aero. Engineer, 
(See W.W. 


White, Will Walter, M.S.; A.F.I.Ae.S.; A.F.R.Ae.S.; Chairman, 
International Aviation Associates (London). England. 
(See W.W. in A.A.) 

Wibault, Michel, A.F.I.Ae.S.; 
France. 

Willett, Hurd Curtis, Ph.D.; A.F.I.Ae.S.; Assoc. Prof. of Meteor- 
ology, Mass. Inst. of Technology. 

Wilson, John Armitstead, A.F.I.Ae.S.; Controller of Civil Avia- 
tion, Dept. of Transport. Canada. (See W.W. in B.A.) 

Wise, Joseph Alexander, B.S. in C.E.; A.F.I.Ae.S.; Assoc. Prof., 
Structural Engineering, Univ. of Minnesota. 

Wong, Tsoo, M.S. in Ae.E.; A.F.I.Ae.S.; A.F.R.Ae.S.; Lieut. 
Colonel, Chinese A.C.; Govt. Representative, Central 
Aircraft Mfg. Co. China. 

Wood, Karl Dawson, M.S.; A.F.I.Ae.S.; Prof., Aero. Engineer- 
ing, Purdue Univ. (See W.W. in Eng.) 


Wood, Ronald McKinnon, M.A.(Sc.); A.F.I.Ae.S.; F.R.Ae.S.; 


Bureau d’Etudes Air-Wibault. 


England. (See W.W. in B.A.) 
Woods, Baldwin Munger, Ph.D.; A.F.I.Ae.S.; Prof., Dept. 
Mech. Engineering, Univ. of California. (See W.W. 


in A.) 


Woods, Robert James, B.S. in Ae.E.; A.F.I.Ae.S.; Chief Engi- 
neer, Bell Aircraft Corp. 


Zimmermann, Paul Gerhard, M.E.; A.F.I.Ae.S.; Consulting 
Engineer. (See W.W. in A.A.) 
Zinsser, August, Jr., Ae.E.; A.F.I.Ae.S.; Aero. Engineer, 


Vought-Sikorsky Aircraft, United Aircraft Corp. 


WORLD-WIDE RECOGNITION 


Edo Floats have been installed on the ships of 
well over 50 aircraft manufacturers through-' 
out the world—among them the following 


ROGOJARSKY 
YUGOSLAVIA 


FOR ALL TYPES OF AIRCRAFT 


EDO float gear is available for all types of aircraft and 
all kinds of service—bombers, torpedo planes, trainers, 
sport planes, or transports. 


It can be furnished in both standard and special 
models and may be purchased complete with struts and 
attachments designed by an engineering staff which is 
backed up by 14 years of specialized seaplane experience. 


Write us for drawings, photographs and specifications 


of float gear for your requirements. 


EDO AIRCRAFT CORPORATION 


COLLEGE POINT, NEW YORK, U. S. A. 


WORLD’S LEADING BUILDERS OF SEAPLANE FLOATS AND FLOAT GEAR ... SINCE 1925 


5 
: 
= 
BELLANCA ... MARTIN... . . US. 
BREDA... TIALY WNORGE. .- NORWAY 
at 
: 
GRUMMAN’... U.S. STINSON. . . U.S. 
| KLEMM GERMANY WACO. . 
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Members 


Adamson, Robert MacLeod, M.I.Ae.S.; Manager, Aviation 
Dept. (Pacific Coast), Shell Oil Co. : 

Allard, John S., M.I.Ae.S.; Vice-Pres., Curtiss-Wright Corp. 

Angell, William Robert, LL.B.; M.I.Ae.S.; Pres. and Treas., 
— Motors Corp.; Pres., Continental Aeronautic 


Archbold, Richard, M.I.Ae.S.; Research Associate in Mam- 
malogy, American Museum of Natural History. 

Arms, John Heyl Raser, M.I.Ae.S.; Secy. and Gen. Mgr., 
United Engineering Trustees, Inc. (See W.W. in A.; 
W.W. in Eng.) 

Armstrong, Harry George, M.D.; M.I.Ae.S.; Capt., M.C., 
U. S. Army; Director, Aero Medical Research Lab., 
Materiel Div., Air Corps. 

Ayer, Robert Wells, B.S. in M.E.; M.I.Ae.S.; Manager, Tech- 
nical Dept., Aero. Chamber of Commerce of America. 

Baker, George Pierce, Ph.D.; M.I.Ae.S.; Assoc. Prof. of Trans- 
portation, Harvard Grad. School of Business Adminis- 
tration. 

Baker, Max P., A.B.; M.I.Ae.S.; Asst. Chief Engineer, Waco 
Aircraft Co. 

Baptist, William Edward, M.I.Ae.S.; A.R.Ae.S.; Charge Hand 
Inspector, Aero Engines, The de Havilland Aircraft Co. 
Ltd. England. 

Barker, Frederick William, M.I.Ae.S.; Patent Attorney. 
W.W. in A.) 

Barratt, Roswell Forman, B.S.; M.I.Ae.S.; Architect; Meteor- 
ologist. (See W.W. in Eng.) 

Barrie, Allan Ashley, B.S.; M.I.Ae.S.; Airline Express, Western 
Air Express, Inc. (See B.B. of A.) 

Bauer, Paul Sherman, M.S.; M.I.Ae.S.; Former Chairman 
Advisory Board of Aeronautics, Massachusetts Dept. of 
Public Works; Treasurer, North Shore News Co. 

Bechberger, P. F., M.Sc.; M.I.Ae.S.; Project Engineer, Pioneer 
Instrument Co. . 

Beech, Walter H., M.I.Ae.S.; Pres., Beech Aircraft Corp. 

Behn, Carl, M.I.Ae.S.; Vice-Pres. in charge Sales, American 
Bosch Corp. 

Bell, John, M.I.Ae.S.; A.R.Ae.S.I.; Lecturer in Aero. Science 
and Physics. England. 

Bell, Lawrence D., M.I.Ae.S.; Pres., Bell Aircraft Corp. 

Bellinger, Patrick Neison Lynch, M.I.Ae.S.; Captain, U.S. N.; 
Commanding Officer, Naval Air Station, Naval Operat- 
ing Base, Norfolk, Va. 

Bendix, Vincent, M.I.Ae.S.; 
(See W.W. in A.) 

Bennett, James Allan Jamieson, Ph.D.; M.I.Ae.S.; A.F.R.Ae.S.; 
Chief Technical Executive, Cierva Autogiro Co. Ltd. 
England. 

Bentley, George Patterson, Sc.D. ; M.I.Ae.S.; Consulting En- 
gineer. 

Bertrandias, Victor E., M.I.Ae.S.; Major, A.C.Res.; Vice- 
Pres., Export Sales, Douglas Aircraft Co. (See W.W. in 
A.A.) 

Biot, Maurice Anthony, D.Sc.; M.I.Ae.S.; 
chanics, Columbia University. 
Bixler, Donald S., M.I.Ae.S.; Asst. Manager, Sinclair Refining 

Co. 


(See 


Pres., Bendix Aviation Corp. 


Asst. Prof. Me- 


Black, Archibald, M.I.Ae.S.; Engineering Assistant, Port of 
New York Authority. (See W.W. in A.) 

Bladen, David Hugo, M.I.Ae.S.; Project Engineer, Edo Air- 
craft Corp. 

Bockrath, George E., B.S. in Ae.E.; M.I.Ae.S.; Instructor in 
Aero. Engineering, Catholic Univ. of America. 

Bolster, Calvin Mathews, M.S. in Ae.E.; M.I.Ae.S.; Naval 
Aviator (Airship); Naval Aviator (H.T.A.); Lieut. Com- 
mander, U.S. Navy. 

Bondor, Frank M., S.M. in Ae.E.; M.I.Ae.S.; Aero. Engineer, 
U.S. Naval Air Station, Lakehurst. 

Bonham, Loral Dale, Ae.E.; M.I.Ae.S.; Staff Engineer, Lock- 
heed Aircraft Corp. 

Bower, Donald Langlitz, M.I.Ae.S.; Sr. 
Development Div., C.A.A. 

Bradley, Samuel Stewart, M.S.; M.I.Ae.S.; Chairman, Board 
of Directors, Manufacturers Aircraft Association. (See 
W.W. in A.) 


Engineer, Technical 


Bragg, Caleb Smith, M.I.Ae.S. (See W.W. in A.A.) 
a Henry, LL.D.; M.I.Ae.S.; Lawyer. (See W.W. 
in A. 


Breese, Vance, M.I.Ae.S.; Consulting Test Pilot. 

Brinckerhoff, William Weeks, B.S.; M.I.Ae.S.; Director, Brown 
Crosby & Co. (Aviation Insurance). 

Brow, Harold James, M.I.Ae.S.; Commander, U.S. N.; Execu- 
- — Fleet Air Base, San Pedro. (See W.W. in 

Brown, Donald Lamont, M.I.Ae.S.; Pres., United Aircraft Corp. 
(See W.W. in A.) 

Brown, Ray Walter, M.I.Ae.S.; Manager, Aviation Dept., General 
Tire & Rubber Co. 

Bruhn, Elmer Frank, M.S.; C.E.; M.I.Ae.S.; Structural Analyst 
: Designer, Vought-Sikorsky Aircraft, United Aircraft 

orp. 

Brukner, Clayton John, M.I.Ae.S.; Pres., Waco Aircraft Co. 
Bulman, Paul Ward Spencer, M.I.Ae.S.; F.R.Ae.S.; Director 
& Chief Test Pilot, Hawker Aircraft Ltd. England. 
Burden, William Armistead Moale, A.B.; M.I.Ae.S.; Aviation 

Research, Scudder, Stevens & Clark. 

Burton, Alexander Tennille, B.S. in M.E.; M.I.Ae.S.; Repre- 
sentative, North American Aviation, Inc. England and 
France. 

Callan, John Lansing, M.I.Ae.S.; Commander, U.S.N.R.; Manu- 
facturer. (See W.W. in A.A.) 

Campbell, Douglas, M.I.Ae.S.; W. R. Grace & Co. 

Campbell, Kenneth, B.S. in E.E.; M.I.Ae.S.; Project Engineer, 
Wright Aeronautical Corp. 

Carr, Gardner W., M.I.Ae.S.; Pres., Menasco Mfg. Co. 

Cautley, John Randolph, M.E.; M.I.Ae.S.; Manager, Landing 
Gear Section, Bendix Products Div., Bendix Aviation 
Corp. (See W.W. in A.A.) 

Chambers, Reed M., M.I.Ae.S.; 
Underwriters, Inc. 

Chapline, George Frederick, B.S.; M.I.Ae.S.; 
Sales, Wright Aeronautical Corp. 


Vice-Pres., U. S. Aviation 


Vice-Pres. of 


Childers, Milford Guy, M.S. in Ae.E.; M.I.Ae.S.; Stress 
Analyst, Lockheed Aircraft Co. 

Chmel, Joseph, Eng.; M.I.Ae.S.; Owner, Elektronspol. Czecho- 
slovakia. 

Churbuck, Lewis Marshall, B.S.; LL.B.; M.I.Ae.S.; Pres., 


Aeronautical University, Inc. 

Clark, William Henry, A.B.; M.I.Ae.S.; Pres., Alox Corpora- 
tion. 

Clements, Norman Victor, B.S. in Ae.E.; M.I.Ae.S.; Advt. and 
Publicity Manager, United Aircraft Corp. 

Cleveland, Ephraim Watkins, M.I.Ae.S.; Test Pilot and Sales, 
Cleveland Pneumatic Tool Co. (See B.B. of A.) 
Coburn, James Mitchell, Jr., Ph.B.; M.I.Ae.S.; Asst. Prof., 
Daniel Guggenheim School of Aeronautics, New York 

Univ. 

Conace, Frank, B.S. in E.; M.I.Ae.S.; Engineering Sales & 
Development, American La France-Foamite Corp. 
Cordon, Cyril Hyde, LL.M.; M.I.Ae.S.; Attorney-at-Law; 

Member, Wherry, Condon & Forsyth. 

Cooper, John Cobb, Jr., M.I.Ae.S.; Vice-Pres. & Asst. to Pres., 
Pan American Airways Corp. (See W.W. in A.) 

Cord, Errett Lobban, M.I.Ae.S. (See W.W. in A.) 

Cornell, Bloomfield Miller, B.S.; M.I.Ae.S.; Lt. (jg) U. S. N 
(Ret.); Prof. of Aero. Engineering, Alabama Polytechnic 
Institute. 

Cox, Duncan Bulkley, M.I.Ae.S.; 
Ranger Engine Corp. 
Crawford, Marion Browning, M.I.Ae.S.; Aero. Engineer, Boeing 

Aircraft Co. 

Crosswell, William Jefferson, B.S.; M.I.Ae.S.; Sales Manager, 
Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Cudhea, George Gerard, M.I.Ae.S.; Chief of Structures, Fleet- 
wings, Inc. 

Davidson, G. Graham, M.I.Ae.S.; Aero. Engineer, St. Louis 
Airplane Div., Curtiss-Wright Corp. 

Davies, Clarence Ebenezer, M.E.; M.I.Ae.S.; Secretary, Amer 
Society of Mechanical Engineers. 
Davison, Frederick Trubee, LL.D.; M.I.Ae.S.; 
Museum of Natural History, New York. 

in A.) 


Vice-Pres. & Gen. Megr., 


Pres., American 
(See W.W. 


CRUISING RANGE... 
miles 


ALASKA to HAWAII - - - 3,000 miles over open, 
treacherous water . . . the Golden Plover wings his 
way. To give himself greater cruising range for the 
hazardous trip he has fattened up his body with 
extra “fuel.” 

For years these little fellows have been demon- 
strating two vital requirements of long-distance 
flying ... capacity for carrying sufficient fuel and 
the. ability to use that fuel efficiently. And year 
after year aviation has been learning to meet those 
requirements. Through continuous improvements 
in fuels and engines we have seen long over-water 
“hops” become routine flights. 

And because of improvements to come, routes 
that are still impractical for regular scheduled 
flights will be bridged by the planes of tomorrow. 
To this end the Ethyl engineers are working with 
aviation engineers in a program of continuous 
research ... to help develop the fuels and engines 
that will power those planes . . . give them an ever- 
increasing cruising range. 


ETHYL GASOLINE CORPORATION, manufacturer of anti-knock fluids used by oil companies to improve gasoline 
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Dearborn, Clinton Hill, B.S. in M.E.; M.I.Ae.S.; Aero. Engineer, 
N.A.C.A. 

Deeds, Charles Walton, B.S.; M.I.Ae.S.; Pres., Chandler 
Evans Corp. (See B.B. of A.) 

Deeds, Edward Andrew, Dr.Eng.; M.I.Ae.S.; 
Board of Directors, National Cash Register Co. 
W.W. in A.) 

Dentan, Jean, Dipl.Ing.; M.I.Ae.S.; Engineer, Documentation 
Dept., France.” France. 

den Tex, Nicolaas Jacob, M.E.; M.I.Ae.S.; Installation Engi- 
neer, Pratt & Whitney Aircraft, United Aircraft Corp. 

Depew, Richard Henry, Jr., M.I.Ae.S.; Vice-Pres. & Gen. Mgr., 
Taylorcraft Aviation Corp. (See W.W. in A.A.) 

Desmond, Gerald Leroy, B.S. in M.E.; M.1I.Ae.S.; Assoc. Aero. 
Engineer, Bureau of Aeronautics, Navy Dept. 

Devlin, Frank Wesley, M.S.; M.I.Ae.S.; Exec. Engineer, Con- 
solidated Aircraft Corp. 

Dion, Charles Samuel, M.I.Ae.S.; Airport design and construc- 
tion. 

Dods, John Palliser, M.E.; M.I.Ae.S.; Manager of Sales, Sum- 
merill Tubing Co. 

Doe, Thomas B., M.I.Ae.S.; Vice-Pres. & Director, The Sperry 
Corp.; Director, Sperry Gyroscope Co. 

Dolan, Charles Heave, II, M.I.Ae.S.; Vice-Pres. & American 
Mgr., Intercontinent Corp. (See B.B. of A.) 

Donnelly, James Playfair, M.I.Ae.S.; Stress Engineer, Noorduyn 
Aviation Ltd. Canada. 

Doole, George Arntzen, Jr., B.S.; M.I.Ae.S.; Sr. Pilot, Eastern 
Div., Pan American Airways. 

Dudley, Shepard, B.S.; M.I.Ae.S.; 
Standard Oil Co. of N. J. 

du Pont, A. Felix, Jr., M.I.Ae.S.; 
Elton Investment Co. 

du Pont, Richard Chichester, M.I.Ae.S.; 
Aviation, Inc. 

Earle, Robert Lindsay, M.I.Ae.S.; Vice-Pres. and Gen. Megr., 
Curtiss Propeller Div., Curtiss-Wright Corp. 

Edwards, James Burton, M.I.Ae.S.; Asst. Power Plant Engineer, 
Douglas Aircraft Co. 

Emmons, Gardner, A.M.; M.I.Ae.5.; 
Meteorology, New York Univ. 

Engelhardt, Lloyd F., A.B.; M.I.Ae.S.; Chief of Structures, St. 
Louis Airplane Div., Curtiss-Wright Corp. 

Eubank, John Augustine, LL.M.; M.I.Ae.S.; Attorney-at-Law; 
Prof. Aero. Law, Brooklyn Law School, St. Lawrence 
Univ. 

Eveleth, Edmund Lincoln, Ph.B.; M.I.Ae.S.; Sales Engineer, 
Pratt & Whitney Aircraft, United Aircraft Corp. 

Fairchild, Sherman Mills, M.I.Ae.S.; M.R.Ae.S.; Pres., Fair- 
child Engine & Airplane Corp.; Chairman of Board, 
Fairchild Aviation Corp. (See W.W. in A.) 

Fake, Frank C., B.S.; M.I.Ae.S.; Comdr., U. S. Navy; Shop 
Supt., Naval Aircraft Factory, Phila. 
Fales, Herbert Gordon, S.B. in M.E.; M.I.Ae.S.; 

The International Nickel Co. 

Falk, Adolph Cecil, B.S. in Ae.; 
Kellett Autogiro Corp. 

Fitz, Justin Allen, M.I.Ae.S.; Manager, Public Relations, Sperry 
Gyroscope Co. 

Fleet, Reuben Hollis, M.I.Ae.S.; 
Corp. (See B.B. of A.) 

Fligg, Claude Mahany, B.S. in Ae.E.; M.I.Ae.S.; Asst. Aero. 
Engineer, C.A.A. 


Chairman, 
(See 


Mgr., Export Aviation, 
Investment Management, 


Pres., All American 


Asst. Prof., Dept. 


Vice-Pres., 


M.I.Ae.S.; Chief Engineer, 


Pres., Consolidated Aircraft 


Foottit, Harold Raymond, M.I.Ae.S.; Stress Engineer, Ryan 
Aeronautical Co. 
Forman, George Robert, B.S. in M.E.(Aero.); M.I.Ae.S.; 


Asst. Secretary, Institute of the Aeronautical Sciences 


Foulois, Benjamin Delahauf, M.I.Ae.S.; Major General (Ret.), 
U.S. Army Air Corps. (See W.W. in A.) 


Fraim, John Pearson, Jr., B.M.E.; M.I.Ae.S.; Director, Dept. 
of Aero., Louisiana State Univ. 
Friez, Lucien L., M.I.Ae.S.; Pres., Julien P. Friez & Sons. 


Frische, Carl Alfred, Ph.D.; 
Gyroscope Co. 


M.I.Ae.S.; 
(See A.M. of S.) 


Engineer, Sperry 


Fritz, Lawrence George, M.I.Ae.S.; Vice-Pres. in charge of 
Operations, TWA, Inc. 

Froelich, Michael Harvey, M.I.Ae.S.; 
Digest.” 

Gail, Albert, Dipl.Eng.; M.I.Ae.S.; Research Engineer, United 
Air Lines Transport Corp. 
Gardner, Maude Elsa, B.A.; M.I.Ae.S.; Editor, “Technical 
Data Digest,” Materiel Div., U. S. Army Air Corps. 
Garges, John Paul Donald, Ae.E.; M.I.Ae.S.; Experimental De- 
sign Engineer, Hall Aluminum Aircraft Corp. . 
Gariepy, Armand Jean-Marie, B.S.; M.I.Ae.S.; Mgr. Air- 
surance Dept., U. S. Aviation Underwriters, Inc. 

Garrott, Martin, B.S. in Ae.E.; M.I.Ae.S.; Asst. to Mainte- 
nance Engineer, Panair do Brasil S.A. Brazil. 

Gartseff, Valerian Nicholas, B.S. in M.E.; M.I.Ae.S.; Design 
Engineer, Glenn L. Martin Co. 

Gillespie, Harold Sievers, M.I.Ae.S.; Ensign, U.S.N.R.; Naval 
Aviator. 

Glover, W. Irving, M.I.Ae.S. (See W.W. in A.) 

Goldsmith, Richard, M.I.Ae.S.; Pres., The B. G. Corp. 

Goldstein, Julian Richard, M.S. in Ae.S.; M.I.Ae.S.; Research 
Engineer, Douglas Aircraft Co. 

Gordon, Myron Boyd, M.E.; M.I.Ae.S.; 
Sales Div., Curtiss-Wright Corp. 

Gould, William Crackel, M.I.Ae.S.; Managing Director, Ameri- 
can Aircraft Corp. Belgium. 

Goulding, William F., M.I.Ae.S.; Curtiss-Wright Export Corp. 

Graham, James Rubendolph, M.I.Ae.S.; Chicago Manager, 
U. S. Aviation Underwriters, Inc. 

Gray, Harold Edwin, M.I.Ae.S.; Captain, Atlantic Div., Pan 
American Airways, Inc. 

Greene, Charles Carroll, M.I.Ae.S.; Capt., A.C.Res., Teacher 
of Aero., Haaren High School, New York City. 

Grimes, Warren G., M.I.Ae.S.; Owner, Grimes Mfg. Co. 

Grosvenor, Graham Bethune, M.I.Ae.S.; Mem. Exec. Comm., 


News Editor, ‘Aero 


Vice-Pres., Export 


Pan American Airways; Director, Air Investors, Inc. 
(See W.W. in A.) 

Guggenheim, Harry Frank, D.Sc.; Hon.M.I.Ae.S. (See W.W. 
in A.) 


Habley, Charles Galley, B.S.; M.I.Ae.S.; Structural Engineer, 
Boeing Airplane Co. 

Haig, Frederic William, M.I.Ae.S.; Manager, Aviation Dept., 
Vacuum Oil Co. Pty Ltd. Australia. (See W.W. in 
B.A.) 

Haines, Elmer Burke, M.I.Ae.S.; Spare Parts Sales, Pratt & 
Whitney Aircraft, United Aircraft Corp. 

Hall, Archibald Maclay, M.E.; M.I.Ae.S.; Pres., Hall-Alumi- 
num Aircraft Corp. 

Hall, Robert Arnold, M.I.Ae.S.; Research Engineer, British 
Airways Ltd. England. 

Hammen, Theodore Fred, Jr., M.S.; M.I.Ae.S.; Assoc. Aero. 
Engineer, Aircraft Airworthiness Section, C.A.A. 


Hammond, Willoughby Nason, B.S. in Ae.E.; M.I.AeS.; 
Asst. Aero. Engineer, Technical Development Div., 
C.A.A. 


Hamon, Alfred John Milton, M.I.Ae.S.; 
Shell Oil Co. 

Hanks, Stedman Shumway, A.B.; M.I.Ae.S.; Acting Trustee, 
American Flight-Strips Association. (See W.W. in A.) 

Hannam, Francis Charles, M.I.Ae.S.; Instructor in Aeronautics, 
Sacramento Junior College. 

Harding, John, Jr., M.I.Ae.S.; Sales Engineer, Pump Engineer- 
ing Service Corp.; Consulting Engineer, The Plessey Co. 
Ltd., England. 

Harrison, Lloyd, M.S.; M.I.Ae.S.; Comdr., U. S. Navy; As- 
sembly & Repair Officer, Naval Air Station, Pensacola. 

Hartney, Harold Evans, M.I.Ae.S.; Lieut. Colonel, A.C.Res. 
(See W.W. in A.A.) 

Hartshorne, John Percy Harold, M.I.Ae.S.; A.R.Ae.S.; Ground 
Engineering Instructor, R.A.F. England. 

Hartsinck, Adriaan Antoni Boon, M.I.Ae.S.; Asst. U. S. Repre- 
sentative, K.L.M. (Royal Dutch Air Lines). 

Hartson, Joseph Tracy, B.S. in C.E.; M.1.Ae.S.; Exec. Vice- 
Pres., Glenn L. Martin Co. (See W.W. in A.A.) 

Havens, Beckwith, M.I.Ae.S.; Lieut. Commander, U.S. N. R.; 
Distributor, Fairchild airplanes. (See B.B. of A.) 


Aviation Manager, 


: 


FAIRCHILD ENGINE AND AIRPLANE 
CORPORATION 


30 Rockefeller Plaza, New York 


Subsidiary Companies 


FAIRCHILD AIRCRAFT CORPORATION 
Hagerstown, Maryland 


Manufacturers of 
4-place, private-owner airplanes 
2-place, primary training airplanes 


RANGER ENGINEERING CORPORATION 
Farmingdale, Long Island 


Manufacturers of 
Military and Commercial 

In-Line, Air Cooled Engines 

Current Commercial Models 
SGV—770B6—500 hp.—640 Ibs.—87 octane 
V—770B4 —315 hp.—565 lbs.—80 octane 
V—820C-1 —350 hp.—565 Ibs.—90 octane 
6—410B-3 —165 hp.—345 lbs.—80 octane 
6—440C-2  —175 hp.—350 Ibs.—65 octane 


FAIRCHILD “AVIATION ‘CORPORATION 
88-06 Van Wyck Boulevard - - Jamaica, N. Y. 
Subsidiary Companies 


FAIRCHILD AERIAL CAMERA CORPORATION 
Jamaica, N. Y. 
Manufacturers of Fairchild Aerial Cameras for vertical and oblique aerial photography, Fairchild Camera Machine Guns, 


aerial photographic laboratory apparatus, Fairchild Radio Compass and other aerial navigation instruments. Con- 
tractors to the U. S. Army Air Corps and Bureau of Aeronautics of the U. S. Navy. 


FAIRCHILD AERIAL SuRvEYs, INCORPORATED 
New York and Los Angeles 


Aerial mapping contractors. Aerial Surveys, mosaics, planimetric maps, contour maps, tax maps, atlas sheets, etc. 
Oblique aerial photographs for all purposes. 


FAIRCHILD AVIATION INCORPORATED 
Jamaica, N. Y. 


An export sales organization providing a single source of supply to foreign countries for products of Fairchild Aerial 
Camera Corporation, Fairchild Aircraft Corporation and Ranger Engineering Corporation. 


MEMBERS 15 


Hayward, John Tucker, M.I.Ae.S.; Lieut., U. S. N., Naval 
Aviator. 

Herlihy, John Albert, B.S.; M.I.Ae.S.; Vice-Pres. in charge 
Operations, United Air Lines Transport Corp. 

Herrick, Gerard Post, A.B.; LL.B.; M.I.Ae.S.; Pres., Herrick 
Vertoplane Corp. 

Herzog, Adolph, M.I.Ae.S.; 
Aircraft Co. 

a Palmer Adams, M.I.Ae.S.; Vice-Pres., Aviation Mfg. 

Corp. 

Hill, Frank Leroy, B.S.; M.I.Ae.S.; Pres. and Gen. Mgr., Air 
Associates, Inc. 

Hokanson, Evert Carl, B.S. in M.E.; M.I.Ae.S.; Navigational 
Engineer, United Air Lines Transport Corp. 

Holbrook, Darwin Long, B.S.; M.I.Ae.S.; Sales Engineer, Aircraft 
Div., Fafnir Bearing 

Hollerith, Charles, B.S. in M.E.; M.I.Ae.S.; Vice-Pres. Engi- 
neering, Hayes Industries, Inc. 

Hopkins, William Rogers, Ae.E.; M.I.Ae.S.; Experimental 
Engineer, Lycoming Div., Aviation Mfg. Corp. 

Hotchkiss, Henry G., LL.B.; M.I.Ae.S.; Lawyer; Editor, U. S. 
Aviation Reports. 
House, Frank Rudolph, M.E.; M.I.Ae.S.; Coordinator of 
Development and Research, Sperry Gyroscope Co. 
Hughes, Howard Robard, M.I.Ae.S.; Chairman of Board, 
Hughes Tool Co. 

Humphery, George Edward Woods, M.I.Ae.S. England. 

oe Fredric Erastus, M.I.Ae.S.; Col., 102nd Engineers, 

N. Y. Natl. Guard; Pres., Humphreys ‘Homeo. Medicine 

Co. 

Irbits, Karlis, M.I.Ae.S.; Aircraft Designer, Valsts Elektro- 
techniska Fabrika. Latvia. 

Ireland, George Sumner, M.I.Ae.S.; 
Lockheed Aircraft Corp. 

Isaacs, Roy H., M.I.Ae.S.; Sales Manager, Pioneer Instrument 
Co. 


Chief Draftsman, Platt-Le Page 


Sales Representative, 


Jack, William Saunders, M.I.Ae.S.; Pres., Pump Engineering 
Service Corp. 

Jacob, John Brown, B.S. in M.E.; M.I.Ae.S.; Acting Project 
Engineer & Test Pilot, Glenn L. Martin Co. 

Johns, Russell Carl, M.I.Ae.S.; Advertising & General Manager, 
“‘Aero Digest” and “Revista Aerea.” 

Johnson, a oe Albert, M.I.Ae.S.; Sales Mgr., Variety Air- 
craft Corp. 


Johnson, Philip Gustav, M.I.Ae.S.; Vice-Pres. in charge of 
Trans-Canada Airlines. Canada. (See W.W. 


Jones, Sherman, A.B.; M.I.Ae. Pres., Casey Jones 
School of Aeronautics. (See B.B. of A.) 

Jouett, John Hamilton, M.I.Ae.S.; Pres., Aeronautical Chamber 
of Commerce of America. 

Joyce, Temple N., M.I.Ae.S.; Exec. Vice-Pres., Brewster Aero- 
nautical Corp. (See W.W. in A.A.) 

Kahn, Roger Wolfe, M.I.Ae.S.; Roger Wolfe Kahn Orchestras. 

Karant, Max, M.I.Ae.S.; Managing Editor, ‘‘Popular Aviation.” 

Kass, George, M.I.Ae.S.; Engineer, Stearman Aircraft Div., 
Boeing Airplane Co. 

Kellett, W. Wallace, Litt.B.; M.I.Ae.S.; Pres., Kellett Autogiro 
Corp.; Pres., Seversky Aircraft Corp. (See W.W. in A.A.) 

Kennedy, William Drinkwater, M.I.Ae.S.; Service Manager, 
Wright Aeronautical Corp. 

Kerpe, Janis J., Dr.Ing.; M.I.Ae.S.; Director-General, Navy 
Yard & Wire Factory. Latvia. 

Kerr, Henry Hampton, M.I.Ae.S.; Asst. Mgr., Landing Gear 
Dept., Bendix Products Div., Bendix Aviation Corp. 

King, Ernst Joseph, M.I.Ae.S.; Rear Admiral, U. S. N.; Mem- 
ber General Board, Navy Department. 

Klotz, John Charles, M.S.E.; M.I.Ae.S.; 
Engineering, Univ. of Tulsa. 

Knox, Thomas, B.S. in Ae.E.; M.I.Ae.S.; 
Fleetwings, Inc. 


Koppenberg, Heinrich, Dr.Ing.; M.I.Ae.S.; Chairman, Board 
of Directors, Junkers Flugzeug & Motorenwerke A.G., 
and Deutsche Versuchsanstalt fiir Luftfahrtforschung e.V. 
Germany. 


Instructor, Mech. 


Aero. Engineer, 


Kossler, William John, M.I.Ae.S.; Lt. Comdr., U.S.C.G.; 
Naval Aviator; Inspector of Aircraft, U.S.C.G. 

Lake, Harley W., B.S.; M.I.Ae.S.; Colonel, A.C.Res.; Manager, 
Aviation Dept., Socony-Vacuum Oil Co. 

LaMont, James Bryce, M.I.Ae.S.; Gen. Service Mgr., North- 
west Airlines, Inc. 

Landis, Reed Gresham, M.I.Ae.S.; Member, Chicago Aero- 
nautics Commission. (See W.W. in A.A.) 

Langley, Marcus, M.I.Ae.S.; M.R.Ae.S.; Technical: Manager, 
Flight Refuelling Ltd. England. (See W.W. in B.A.) 

Larson, Clifford Milton, B.S. in M.E.; M.I.Ae.S.; Chief Con- 
sulting Engineer, Sinclair Refining Co. 

Lea, Robert Brooke, M.I.Ae.S.; Vice-Pres. in charge of Sales, 
Sperry Gyroscope Co. 

Leak, Arthur Henry, M.I.Ae.S.; A.F.R.Ae.S.; Design Engineer, 
Wright Aeronautical Corp. 

Lee, Dana Willis, M.E.; M.I.Ae.S.; Assoc. Mechanical Engi- 
neer, N.A.C.A, 

Lemonier, Camille Robert, M.E.; M.I.Ae.S.; Project Engineer, 
Fleetwings, Inc. 

Lindsay, K. S., M.I.Ae.S.; Export Sales Mgr., The B. G. Corp. 

Liore, Fernand, M.I.Ae.S.; Vice-Pres., Etablissements Liore & 
Olivier. France. 

Litchfield, Paul Weeks, B.S.; M.I.Ae.S.; Pres., Goodyear Tire 
& Rubber Co.; Pres., Goodyear-Zeppelin Corp. (See 
W.W. in A.) 

Little, David Scott, M.I.Ae.S.; Manager, Aviation Radio Sec- 
tion, RCA Mfg. Co. 

Lochridge, Lloyd P., M.I.Ae.S.; Lubrication Sales Manager, 
Sinclair Refining Co. 

Lodwick, Albert Irvin, M.B.A.; M.I.Ae.S.; Sr. Vice-Pres., 
Aviation Mfg. Corp.; Vice-Pres., Aviation Corp. 

Loen, Hans, M.E.; M.I.Ae.S.; Project Engineer, Pioneer In- 
strument Co. 

Loening, Albert Palmer, M.I.Ae.S.; C.R.Ae.S.; Director, 
0 Aircraft Engineering Corp. (See W.W. in 

Loening, Rudolph R., M.I.Ae.S.; Lawyer. 

Lott, Egbert Phelps, M.I.Ae.S.; Capt., United Air Lines Trans- 
port Corp. 

Louden, Frederic Alic, B.S.; M.I.Ae.S.; Aero. Engineer, Aero- 
dynamics Sec., Bureau Aeronautics, Navy Dept. 

Lovelace, William Randolph, II, M.D.; M.I.Ae.S.; Surgeon, 
Mayo Clinic; Fit. Surgeon & ist Lt., U. S. Army Medical 
Res. Corps. 

Ludington, Charles Townsend, M.I.Ae.S.; Assoc. Director in 
charge of Aviation, Franklin Museum of Philadelphia. 
(See W.W. in A.A.) 

Lundquist, Wilton G., B.S.; M.I.Ae.S.; Project Engineer, Wright 
Aeronautical Corp. 

Lutton, Lyle Strub, M.I.Ae.S.; Project Engineer, St. Louis Air- 
craft Corp. 

Lutz, ree W., M.I.Ae.S.; Exec. Vice-Pres., W. L. Maxson 

rp. 

Lyman, Joseph, M.I.Ae.S.; Capt., U. S. M. C. R.; Senior Proj- 
ect Engineer, Sperry Gyroscope Co. 

MacCracken, William Patterson, Jr.. LL.D.; J.D.; M.I.AeS.; 
Lawyer. (See W.W. in A.) 

Mahin, Edward Garfield, Ph.D.; M.I.Ae.S.; Prof. & Head 
Dept. of Metallurgy, Univ. Notre Dame. (See W.W. in 

of S.) 


A.; A.M. 
Mallon, William Henry, B.S.; M.I.Ae.S.; Airport & Industrial 
Engineer. 
nets Charles, M.E.; M.I.Ae.S.; Vice-Pres., Bendix Aviation 
orp. 


Mascuch, Joseph John, M.I.Ae.S.; Pres. and Gen. Mgr., 


Breeze Corporations. 

Mattern, James J., M.I.Ae.S. 

Maxson, Lisle Judson, M.S.; M.I.Ae.S.; Comdr., U. S. N.; 
Asst. Chief Engineer, Catapult Design, Naval Aircraft 
Factory, Phila. 

McClellan, Stephen A., B.S.; M.I.Ae.S.; Roebling Products Co. 

McFarland, Ross A., Ph.D.; M.I.Ae.S.; Asst. Prof. (Research 
in Aero-Physiology and Psychology), Fatigue Laboratory, 
Harvard Univ. (See A.M. of S.) 

McKinney, Paul Ernest, M.I.Ae.S.; 
Bethlehem Steel Corp. 


Metallurgical Engineer, 
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@ The long list of General 
Tire purchasers is your assurance 
that you, too, can expect better 
performance from Generals. 


AIRLINES 


American Inter-Island 

Braniff Pan-American 

Chicago & Southem Pennsylvania Central 

Condor T.A.C.A. Honduras 
T.W.A,. 


MANUFACTURERS 


Beech Fairchild 
Bellanca Glenn L. Martin 
Cessna Piper 
Curtiss-Wright Seversky 
Douglas Stearman 
Vought-Sikorsky 


GOVERNMENT 


U.S. Army China 

U. S. Navy Hawaiian Islands 
Argentina Holland 

Brazil Philippine Islands 


THE GREAT NAMES 
IN AVIATION ARE 
LINKED WITH 


GENERAL 


@ All the proud names of Aviation have one thing in 
common—a jealously guarded reputation for DEPENDA- 
BILITY. To such as these Generals are a logical choice— 
a staunch ally. 

Analogous with dependability is SAFETY—and the same 
unique qualities that make Generals first choice for strenu- 
ous military and commercial flying make them first choice 
for the safety-minded Sportsman Pilot who wants no com- 
promise with quality. 


GENERAL TIRE & RUBBER CO. 
AKRON, OHIO 


MEMBERS 16 


McLaughlin, George Francis, M.I.Ae.S.; Editor, ‘‘Aero Digest.” 

McPherson, John B., M.I.Ae.S.; Secy. & Treasurer, Hahn 
Spark Plug Corp. 

McVeigh, John Ross, M.I.Ae.S.; 
Motor Co. 

Melick, Paul K., M.S. in M.E.; M.1.Ae.S. 

Merkel, Otto Julius, M.I.Ae.S.; Focke Achgelis & Co. G.m.b.H. 
Germany. 

Millar, John Humphrey, M.I.Ae.S.; A.R.Ae.S.; 
Director, Aviation Corporates Ltd. England. 

Miller, Albert Edison, B.S. in Ch.; M.I.Ae.S.; Process Chemist 
& Asst. to Vice-Pres., Sinclair Refining Co. 

Mingos, Howard L., M.I.Ae.S.; Editor, ‘Aircraft Year Book.” 
(See W.W. in A.) 

Mock, Wesley Charnock, Jr., 


Mech. Designer, Mawen 


Managing 


B.S. in M.E.; M.I.Ae.S.; Asst. 


Physicist, Aerodynamics Sec., National Bureau of 
Standards. 

Moffat, Reuben Curtis, M.I.Ae.S.; Major, U. S. Army Air 
Corps. (See W.W. in A.A.) 


Moness, Elias, M.E.; M.I.Ae.S.; Structural Research Engineer, 
Douglas Aircraft Co. 

Moore-Brabazon, John Theodore Cuthbert, M.I.Ae.S.; F.R.- 
Ae.S.; Lt. Col., M.C.; Member of Parliament; Past Pres., 
R.Ae.S. England. (See B.W.W.) 

Morgan, Thomas Alfred, M.I.Ae.S.; Pres. and Director, The 
Sperry Corp. 

Morris, Edward Whitman, B.S. in Ae.E.; M.I.Ae.S.; Project 
Engr., Curtiss Propeller Div., Curtiss-Wright Corp. 
Moseley, Corliss Champion, M.I.Ae.S.; Pres., Aircraft In- 
dustries, Inc.; Member, Board of Directors, American 

Airlines, Inc. 


Mulligan, Denis, J.S.D.; B.S.; M.I.Ae.S.; Capt., A.C.Res.; 
Attorney-at-Law. 
Nazir, Phiroze Pestonji, M.I.Ae.S.; A.F.R.Ae.S.; Research 


Scholar in Aero. Engineering, Govt. of India. 
Neale, Arthur Frederick Peter Hastings, M.A.; LL.B.; M.I.- 
Ae.S. 


Neville, Leslie E., M.I.Ae.S.; Managing Editor, ‘Aviation 
Magazine.” 

Nicoll, Reginald Eycott, M.J.Ae.S.; Major; Handley Page Ltd. 
England. 


M.I.Ae.S.; Engineer, Pioneer 


Noxon, Paul Adelbert, E.E.; 
Instrument Co. 

Oertel, Robb Church, M.I.Ae.S.; 
Standard Oil Co. of N. J. 

Osborn, Earl Dodge, A.B.; M.1.Ae.S.; A.F.R.AeS.; 
Edo Aircraft Corp. (See W.W. in A.A.) 

Palmedo, Roland, M.i.Ae.S.; Lehman Bros.; American Ex- 
port Airlines, Inc.; Director, Air Associates, Inc. 

Pape, Charles Frederick, M.I.Ae.S.; Vice-Pres. and Treas., 
Hall-Aluminum Corp. 

Parke, Nathan Grier, III, A.B.; M.I.Ae.S.; Research and De- 
velopment Engineer, Glenn L. Martin Co. 


Mgr., Aviation Sales Dept., 


Pres., 


Parker, J. Brooks B., B.S.; M.I.Ae.S.; Pres., Parker & Co. (See 
W.W. in A.A.) 

Parks, Oliver Lafayette, M.I.Ae.S.; Pres., Parks Air College. 
(See W.W. in A.) 


Pasqualini, Clodoveo, M.I.Ae.S.; Prof. Applied Mechanics, 
R.a. Universita di Genova, Italy. Visiting Prof. Aero- 
nautics, Universidad Nacional de Cordoba. Argentina. 

Patterson, George Beatty, M.I.Ae.S.; Staff Aviation Engineer, 
Socony-Vacuum Oil Co. (See W.W. in A.A.) 

Pennell, Mayvard Lyman, B.S. in Ae.E.; M.I.Ae.S.; Engineer, 
Douglas Aircraft Co. 

Pennoyer, Frederick William, Jr., M.S.; M.I.Ae.S.; Comdr., 
U. S. N.; Head of Engineering Div., Bureau of Aero- 
nautics, Navy Dept. 

Peterson, C. Gilbert, M.E.; 
way Express Agency, Inc. 


M.I.Ae.S.; Chief Engineer, Rail- 
(See W.W. in A.A.) 


Piper, Paul Addison, B.S. in E.E.; M.I.Ae.S.; Weight Engineer, 
Glenn L. Martin Co. 

Pitcairn, Harold Frederick, M.I.Ae.S.; 
America; 
in A.) 

Pixton, John Erwin, M.S.; M.I.Ae.S.; Lt. Comdr., U. S. N., 
Bureau of Aeronautics, Navy Dept. 


Autogiro Co. of 
(See W.W. 


Pres., 
Proprietor, Pitcairn Autogiro Co. 


Plesman, Albert, M.I.Ae.S.; Managing Director, KLM (Royal 
Dutch Air Lines), K.N.I.L.M. (Royal Netherlands 
Indies Airways). Holland. 

Ponsford, George Emanuel, M.I.Ae.S.; Director, Provincial Air 
Service. Canada. 
Porter, Lewis Morgan, M.E.; 

Design, New York Univ. (See W.W. in Eng.) 
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GOODRICH AIRPLANE BRAKES 
GIVE SMOOTHER SAFER LANDINGS 


REAT PROGRESS has been made in 

airplane braking since the early use of 
the “skid” to dig into the ground and bring 
the plane to a slow, jerky stop. The Low 
Pressure airplane tire brought new problems 
and Goodrich engineers set out to find 
the solution. 

After years of study, of development and of 
testing, both on specially built laboratory 
equipment and in hundreds of actual flights, 
Goodrich perfected the Goodrich E. T.* 
Brake. 

Today, half-ton sport planes and 33-ton 
giant transports are making quick, safe, 
smooth landings on the perfect combination 
of Goodrich E. T.* Brakes and Goodrich 
Airplane Silvertowns. 

The Goodrich E. T.* Airplane Brake is 
simple and fool-proof. It consists of only 
three basic elements — the Expander Tube, 
the brake block, and the retractor spring. 
Therefore, there is practically nothing to get 
out of order or require repairs. It auto- 
matically compensates for brake lining wear, 
thus giving much better service at peak 
efficiency. 

These points of superiority added together 
mean just this— Goodrich E. T.* Airplane 
Brakes stop quicker, smoother and safer than 


any other type of airplane brake. 


Tos 


The full circle of sectional 
brake blocks (B) is joined to- 
ether by metal retractor springs 
ri BB). When the Expander Tube 
(A) is inflated, these brake blocks 
press evenly against the brake 


Cross-sectional view showing 

the Goodrich E.T.* Airplane 
Brake released. The Expander 
Tube (A) is deflated, the sectional 
brake block (B) retracted, and 
the wheel (C) free to turn. 


2 The Expander Tube (A) is in- drum (C) all the way around. 


flated with braking fluid (AA), 
forcing the sectional brake block 
(B) against the brake drum (C), 
bringing the plane to a swift, 
smooth, safe stop. 


When the Expander Tube deflates, 
the springs retract, pulling the 
brake blocks back from the drum 
and letting the wheel turn free 
without drag. 
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An important 
message 
about 


LANDING 


to designers 


S ships increase in size and 
A speed the need for greater 
braking power brings up impor- 
tant considerations in size and 
weight of wheel assembly, and in 
housing facilities for landing gear 
when retracted! 


In conventional wheel assemblies 
where braking power is in direct 
ratio to brake drum 
area the only way to 
step up brake capac- 
ity is to employ a 
larger ind heavier 
drum, with a corre- 
sponding increase in 
wheel and tire size 
that requires larger 
housing space. 


Fortunately, there is 
a better solution. 
Brake capacity can 
now be increased to 


GOODYEAR AIRPLANE TIRE, TUBE AND WHEEL 
ASSEMBLY WITH HYDRAULIC DISC BRAKE 


— tire, tube and wheel shown mounted on axle, 
ready to slide into position on the brake. 


INLET BUSHING BLEEDER PLUG 


BUSHING WASHER 


COMPLETE 
BRAKE UNIT 
ASSEMBLED 


INLET CAP SCREW 
CAP SCREW WASHER, 
ANCHOR BRACKET 
KEY RIVETS 


ANCHOR BRACKET 
‘SUB-ASSEMBLY 


PISTON 
GASKET 


GASKET 
EXPANDER SPRING 


BUTTONS 


PISTON RETURN SPRINGS 


ASBESTOS 
INSULATING DISC 


PRESSURE DISC 


WHEEL BEARING. 
spacer 


DISC RETAINING NUT 
RETAINING NUT 


LOCK CLIP 
SHAKE PROOF WASHER LOCK CLIP SCREW 


GOODYEAR HYDRAULIC DISC TYPE 15.00-16 AIRPLANE BRAKE 
— disassembled. Greater braking power without increase in brake and wheel 
diameter can be obtained by increasing number of discs in brake housing. 


year magnesium or aluminum 
alloy wheels, Goodyear hydraulic 
dise brakes and Goodyear tires, 
including Airwheels*. 


In the Goodyear assembly, brak- 
ing power depends upon the num- 
ber of discs in the brake 
housing. Brake capacity is 
increased by using more 
dises to provide larger 
braking area. There is no 
appreciable increase in 
diameter of either brake 
or wheel, hence the gain 
in size and weight is held 
to a minimum. 


meet any load and 

speed requirement with relatively 
little growth in wheel and tire 
size by the use of a complete 
Goodyear wheel assembly —Good- 


Because of this definite and easily 
demonstrable advantage Goodyear 
wheel equipment is now being 
specified on many of the largest 
ships in production today. Engi- 
neers also find that using wheels, 
brakes, and tires designed and 
built to work together as a bal- 
anced unit insures smoother, more 
dependable performance. 


Our engineers will be glad to 
cooperate with you in incor- 
porating the advantages of this 
time-proved wheel equipment 
in your new ships—in both con- 
ventional and tricycle gear. Just 
write Goodyear, Aeronautics 
Department, Akron, Ohio, or 
Los Angeles, California. 


* Trade-mark of The Goodyear Tire & Rubber Company 


ON YOUR NEW SHIP SPECIFY GOODYEAR AIRPLANE TIRES AND BRAKES 


: . 
a SEAL RING f j \ 
| 
THE GREATEST NAME re mem IN RUBBER 


TECHNICAL 


A.F.R.Ae.S.; 


Young, Clarence Marshall, LL.B.; M.I.Ae.S.; 
(See 


Mgr., Pacific Div., Pan American Airways System. 
W.W. in A.) 


Young Raymond William, M.S.; M.I.Ae.S.; Asst. Engineer, 
Wright Aeronautical Corp. 
Zelcer, Felix William, B.A.; M.I.Ae.S.; Gen. Sales Megr., 


Seversky Aircraft Corp. 
Zuckerberg, Harry, M.S.; M.I.Ae.E.; Stress Analyst, Platt Le 
Page Aircraft Co. 


Technical Members 


Abraham, Lewis Harry, B.S. in M.E.(Aero.); Wind Tunnel 
Asst., Calif. Inst. of Technology. 

Acton, Francis Joseph, B.S. in Aero.E.; Instructor of Aero. 
Drafting & Wing Construction, Stinson School of Avia- 
tion. 

Adams, Parks Madden, B.S.; Aero. Engineer, Glenn L. Martin 
Co. 

Ahlers, John Derek, B.S. in M.E.; A.F.R.Ae.S.; Testing Dept., 
Ranger Engineering Corp. 
Allardt, F. H., M.S.(Aero.), (Mech.); 

craft Co. 

Allen, Fred Charles, Ac.E.; 
Douglas Aircraft Co. 

Allred, Robert Wiiliam, B.S. in Ae.E.; Stress Analyst, Stearman 
Aircraft Co. 

Alter, Horace Jules, Ae.E.; Engineer, Glenn L. Martin Co. 

Ames, Milton Benjamin, Jr., B.S. in Ae.E.; Junior Aero. Engi- 
neer, N.A.C.A. 

Andrews, Edward Fenn, Pres. and Director of Engineering, 
Andrews-Hammond Corp. 

Andrews, Walter Irwin, B.S. in Ae.E.; Engineer, Boeing Air- 
craft Co. 

Arms, Richard Philip, B.E.; 
Wright Corp. 

Ashton, Benjamin Nicol, Jr., Instrument Design Engineer, W. L. 
Maxson Corp. 

Atkinson, Robert Prescott, B.S. in M.E.; 
Allison Engineering Co. 

Autry, Charles Peyton, Designer of light airplanes. 

Avery, Harold Tolman, A.B. in C.E.; Chief Engineer, Marchant 
Calculating Machine Co. 

Babberger, Carl William, M.E.; Junior Aero. Engineer, N.A.C.A. 

Bache, Richard Franklin, B.S. in M.E.; Engineer, The Glenn L. 
Martin Co. 

Backer, Gerald Herr, B.S. in Ae.E.; Instructor in Engineering, 
Casey Jones School of Aeronautics. 

Baker, Carl Frederic, B.S. in M.E.; Asst. Chief Engineer, Hamil- 
ton Standard Propellers, United Aircraft Corp. 

Baker, Howard Hilton Martin, B.Ae.E.; Draftsman, El Segundo 
Div., Douglas Aircraft Co. 

Baker, Ralph Doris, Ph.D.(Aero.); 
Engineering, University of Utah. 

Ballauer, Alb Christopher, A.E.; Draftsman, St. Louis Airplane 
Div., Curtiss-Wright Corp. 

Bardsley, John William, Instructor in Machine Drawing and 
Aero. Design, Central Technical School of Toronto. 
Canada. 

Baseler, Richard Timothy, B.Ae.E.; Test Engineer, Pratt & 
Whitney Aircraft, United Aircraft Corp. 

Baumann, Elmer Herbert, M.S. in M.E.; Draftsman, Engineer- 
ing Dept., Harris Seybolt Potter Co. 

Beach, William Iler, B.S. in Ae.E.; Engineer, El Segundo Div., 
Douglas Aircraft Co. 

Beck, Richard Hancock, B.S.(Economics and Sociology). 

Becker, John V., M.S.; Asst. Aero. Engineer, N.A.C.A. 

Bednarek, Michael, B.Ae.E.; Draftsman, Douglas Aircraft Co. 

Bell, Edward Barton, Ae.E.; Junior Aero. Engineer, N.A.C.A. 

Benedict, Marcus Charles, B.S. in M.E.; Layout Draftsman, 
Power Plant Installation, The Glenn L. Martin Co. 


Bergey, Milton Clifford, Layout Draftsman, Glenn L. Martin 
0. 


Engineer, Douglas Air- 


Stress Analyst, El Segundo Div., 


Curtiss Propeller Div., Curtiss- 


Project Engineer, 


Asst. Prof. Mechanical 


Bergmann, Thomas Fay, B.S. in M.E.; Field Engineer, Wright 
Aeronautical Corp. 


MEMBERS 18 


E., B.S. in M.E.; Engineer, Pioneer Instrument 
oO. 
Bicknell, Joseph, S.M. in Ae.E.; Research Assoc., Aero. Engi- 
neering, M.I.T. 
Bird, William Henry Stephenson, B.Ae.E.; Chief Draftsman, 
Aviation Div., Canadian Car & Foundry Co. Ltd. Canada. 
oe, Co Paul, B.S. in M.E.; Engineer, Douglas Aircraft 


Black, — Leonard, B.Ae.E.; Draftsman, Boeing Aircraft 
0. 


Blumberger, Joe, Engineer, Svenska Aeroplan A.B. Sweden. 
Bogert, Reid, M.E.; Engineer, El Segundo Div., Douglas Air- 
craft Co. 
Bollay, William, Ph.D. in Ae.E.; 
(See A.M. of S.) 
Bomer, Edgar Thomas, M.E.; 
Corp. 

Bossange, Edouard Raymond, Jr., S.B.; Apprentice Engineer, 
Pan American Airways. 

Bosserman, Charles Ashton, B.S.; Group Leader, Engineering 
Dept., Boeing Aircraft Co. 

Bowman, Casper John Jr., B.S. in M.E.; Engineer, Bellanca 
Aircraft Corp. 

Bowman, Richard George, B.S. in M.E.; Aero. Engineer, Sever- 
sky Aircraft Corp. 

Braham, William Edward, B.S. in M.E.; Aero. Engineer, Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Brock, Horace, LL.B.; Jr. Pilot, Pan American Airways. 

Bromberg, Ben George, M.S. in M.E.; Stress Engineer, Stinson 
Aircraft Div., Aviation Mfg. Corp. 
Brown, Ralph Cuthbert Chisholm, B.S. in M.E.; G.R.Ae.S.; 
Jr. Engineer, Dept. of National Defence. Canada. 
Brush, Edward Earl, B.S. in M.E.; Instructor in Aero. Engineer- 
ing, Univ. Minnesota. 

Buckley, Edmond C., E.E.; Assoc. Engineer, N.A.C.A. 

Burnell, Edwin J., B.S. in M.E.; Specification Engineer, Vultee 
Aircraft Div., Aviation Mfg. Corp. 

Burstein, Adolph, Aec.E.; Asst. to Chief Engineer, Barkley- 
Grow Aircraft Corp. 

Bush, Robert Gordon, 
Boeing Aircraft Co. 

Bussey, John K., M.S. in Ae.E.; Jr. Engineer, N.A.C.A. 

Butler, Joseph Parker, B.S. in M.E.; Engineer, Boeing Air- 
craft Co. 

Camping, Robert Lewis, M.S.(Ae.E.); Engineer, Curtiss Pro- 
peller Division, Curtiss-Wright Corp. 

Cannon, Wayne Dilworth, Ae. E.; Field Engineer, Wright Aero- 
nautical Corp. 

Caprioglio, Elio, B.S. in A.E.; 
Engineering Corp. 

Cassese, Salvatore, B.C.E. 

Cassidy, William Joseph, Supervising Engineer, Wing Group, 
Vultee Aircraft Div., Aviation Mfg. Corp. 

Castle, Frederick Walker, B.S.; Asst. to Pres., Sperry Gyroscope 
Co. 

Castles, Walter, Jr., B.S. in A.E. 

Champion, Albert Prosper, B.S.E.(Aero.); Armaments Div., 
Engineering Dept., Lockheed Aircraft Corp. 

Champney, William Brooks, B.S. in M.E.; Grad. Student, Case 
School of Applied Science. 

Claus, William Davenport, B.S. in M.E. 

Clauser, Francis, Ph.D.; Engineer, Douglas Aircraft Co. 

Clements, Lawrence Vernon, M.S. in E.; Engineer, El Segundo 
Div., Douglas Aircraft Co. 

Cleveland, George, II, Engineer, Svenska Aeroplan A.B. Sweden. 

Cohan, Sid, Engineer, Brewster Aeronautical Corp. 

Cole, Robert A., M.E.; Vibration Project Engineer, Wright 
Aeronautical Corp. 

Colman, Philip Abbey, M.S. in Ae.E.; Aero. Engineer, Aerody- 
namics Dept., Lockheed Aircraft Corp. 

Connel, William Alexander, Inspector, Pratt & Whitney Aircraft, 
United Aircraft Corp. 

Cook, Frank Richardson, B.S. in A.E.; 2nd Lieutenant, Group 
Engineering Officer, U. S. Army Air Corps. 


Instructor, Harvard Univ. 


Mechanical Designer, Transducer 


B.Ae.E.; Aerodynamics Engineer, 


Engineer, Grumman Aircraft 


FIGHTING 


Grumman Airport is always open 
to service pilots and others having 
business with the company. One of 
the largest private fields on Long 
Island, it is located one mile west 
of Bethpage, 214 miles southeast of 
Hicksville railroad station. Lati- 
tude: 40° 44’; Longitude: 73° 
29’; Altitude: 115 ft. It is an ir- 
regular shaped field; level sod sur- 
face with natural drainage and four 
landing strips; 2200 feet NE./SW., 
2900 feet NW./SE., 2800 feet E./W., 
2600 feet N./S. Entire field is avail- 
able. Pole lines and houses are to 
the south; 150 ft. water tower is to 
the east. 


AIRCRAFT 


GRUMMAN FIELD 
GETHPAGE, 


F OR the past eight years the Grumman Air- 
craft Engineering Corporation has consistently 
supplied high performance aircraft for the U. S. 
Navy. Grumman planes are also in service with 
the U.S. Army, Marine Corps, and Coast Guard, 
and are widely used in the private and commer- 


cial fields. 


GRUMMAN AIRCRAFT ENG. CORP. 
BETHPAGE LONG ISLAND NEW YORK 
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TECHNICAL 


Cote, Oliver Henri, Jr., B.Ae.E.; Junior Aero. Engineer, U. S. 
Naval Aircraft Factory, Phila. 

Coutinho, John de Siqueira, B.S. in Ae.E.; 
Grumman Aircraft Engineering Corp. 

Weight Engineer, North 


Stress Analyst, 


Crabtree, James Arnold, B.Ae.E.; 
American Aviation, Inc. 

Cravero, Joseph Anthony, B.S. in Ae.E.; Layout Draftsman, 
Edward G. Budd Mfg. Co. 

Crocker, Albert Rudolph, M.S. in Ae.E.; Experimental Test 
Engineer, Pratt & Whitney Aircraft, United Aircraft 
Corp. 

Cronkhite, Albert Hal, B.S. in A.E. 

Darby, Robert Alan, S.M. in Ae.E.; Aerodynamic Section, Cur- 
tiss Aeroplane Div., Curtiss-Wright Corp. 

Davidsen, Jess Sam Wilfred, B.Ae.E.; Asst. Aero. Engineer, 
N.A.C.A. 

Davies, Charles Walker, B.Ae.E.; Aero. Engineer, Douglas 
Aircraft Co. 

DeCenzo, Herbert A., B.Ae.E.; Aero. Engineer, Burnelli Air- 
craft Corp. 

de Laubenfels, C. R., M.S.; Design Research, Lockheed Aircraft 
Corp. 

Del Mar, Bruce Eugene, B.S.; High Altitude Research Engi- 
neer, Douglas Aircraft Co. 

Demas, Epaminondas James, B.Ae.E.; Engineer, Stress Analy- 
sis Group, Douglas Aircraft Co. 

Demler, Marvin Christian, Aero.E.; 
Bolling Field. 

Dennis, Lester Thompson, B.Aero.E.; 
Propeller Div., Curtiss-Wright Corp. 

Dexter, Robert Reginald, Ae.E.; Aero. Engineer. 

Dickerman, Fred Niles, S.B. in Ae.E.; Design Engineer, Vought- 
Sikorsky Aircraft, United Aircraft Corp. 

Dickinson, Holley Buckingham, M.S. in M.E.; Aerodynamics 
Engineer, Lockheed Aircraft Corp. 

Ditson, J. D., B.S. in Ae.E.; Rock Drill Engineering Dept., 
Ingersoll-Rand Co. 

Dolber, George Starr, B.Ae.E.; Foreman’s Asst., Engineering 
Test Lab., Wright Aeronautical Corp. 

Donker, Charles William, B.S.; Superintendent’s Office, Glenn 
L. Martin Co. 

Doran, Philip David, B.S.; Installation Engineer, Pratt & Whit- 
ney Aircraft, United Aircraft Corp. 

Dorris, George Cleveland, Jr., Aircraft Inspector, Boeing Air- 
craft Co. 

Douglas, Leon Lee, B.S. in M.E.; Barkley-Grow Aircraft Corp. 

Dowden, Edmund Van Dyke, B.S. in M.E.; Student, Harvard 
Graduate School of Business Administration. 

Draut, Ralph Harland, S.B.; Stress Analyst, Glenn L. Martin 
Co. 


AX, VU. &., 


Draftsman, Curtiss 


Dublin, Michael, B.S. in Ae.E.; Junior Stress Analyst, Consoli- 
dated Aircraft Corp. 

Duffendack, John Clarence, Jr., B.S.E.(Aero.); Power Plant Engi- 
neer, Lockheed Aircraft Corp. 

Dunn, Thomas Mansfield, B.S. in M.E.; Pan American Grace 
Airways. 

Dunning, Albert Ward, B.S. in M.E.; Dept. of Sales, Aviation 
Division, Monsanto Chemical Co. 

Ebenbach, Robert, S.B. in Ae.E.; Stress Analyst, Railcar Div., 
Edward G. Budd Mfg. Co. 

Eck, Carl Fred, B.S. in A.E.; Engineering Dept., Martin Air- 
craft Co. 

Eikenberry, Robert Shaw, M.S.E. (Aero.); Instructor in Aero. 
Engineering, Univ. of Notre Dame. 

Elliott, Theodore, Proprietor, T. Elliott Spearhead Products. 

Ellis, Frampton Erroll, Jr., B.S. in Ae.E.; Instructor, Aeronauti- 
cal Univ., Inc. 

Ely, Lawrence Daniel, B.S. in Ae.E.; Head, Aero. Engineering 
Dept., Tri-State College. 

Erlandsen, Oscar, Jr., C.E.; Engineer, Grumman Aircraft Engi- 
neering Corp. 

Estabrook, George Herbert, Jr. Group Engineer, Lockheed Air- 
craft Corp. 

Evans, Guy Hawkins, B.S. in Ae.E.; Engineer, Douglas Aircraft 
Co. 


Farnham, Duane Wesley, M.S. in M.E.; Field Engineer, Inter- 
national Petroleum Co., Ltd. 
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Farrah, Jere Tiffin, B.S. in Ae.E.; Supt., Alpena Garment Co. 

Fedorowski, Joseph Gabriel, B.Ae.E.; Grumman Aircraft 
Engineering Corp. 

Feine, Ernest C., Tracer, Curtiss Aeroplane Div., Curtiss- 
Wright Corp. 

Field, Osmond Francis, Jr., B.S.E. 

Finch, Richard Lee, B.S. in Ae.E.; Junior Layout Draftsman, 
Lockheed Aircraft Corp. 

Fischel, Joseph Robert, B.S. in Ae.E.; Structural Research Engi- 
neer, Lockheed Aircraft Corp. 

Fishbein, Meyer, M.E.(Aero.); Stress Analyst, Douglas Air- 
craft Co. 

Fisher, Joe Austin, Draftsman, North American Aviation, Inc. 

Flint, Fred Herman, B.S. in Ae.E.; Engineer, Curtiss Aeroplane 
Div., Curtiss-Wright Corp. 

Floyd, J. 3 Rabardy, B.S.; Aerodynamics Dept., Glenn L. Mar- 
tin Co. 

Fontenelle, Jorge Aloysio, C.E.; Apprentice Engineer, Panair do 
Brasil S.A. Brazil. 

Foster, Edward Elden, S.B. in Ae.E.; Stress Analyst, Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Fox, Reuben Brawn, B.S.; Experimental Engineer, Lycoming 
Div., Aviation Mfg. Corp. 

Foy, Egan Dudley, Jr., Engineer, Curtiss Aeroplane Div., Curtiss- 
Wright Corp. 

Frank, Arthur Samuel, B.S. in Ae.E.; Engr. Dept., Grumman 
Aircraft Engineering Corp. 

Freedman, Gordon Lincoln, B.S. in Ae.E.; President, Freedman- 
Burnham Engineering Corp. 

Frei, Wallace Milton, B.S. in A.E. 

Frisch, Robert William, B.S. in A.E. 

Frost, Eugene Cameron, B.S. in Ae.E.; Group Engineer, Lock- 
heed Aircraft Corp. 

Fuller, Floyd, J., B.S.(Physics); Engineer, Douglas Aircraft Co. 

Furry, Frank William, B.S.Ae.E.; Student, Harvard Business 
School. 

Gallant, Charles James, Jr., Research Engineer, North American 
Aviation, Inc. 

Gaskell, Raymond Wilson, Project Engineer, El Segundo Div., 
Douglas Aircraft Co. 

Getline, Gordon Lloyd, B.A.zZ.; Jr. Engineer, Materiel Div., 
U. S. Army Air Corps, Wright Field. 
Giannini, Gabriel Maria, Phys.Dr.; President, 

Corp. 

Gibbons, Henry Bendel, S.B. in M.E.; Engineer, Vought- 
Sikorsky Aircraft, United Aircraft Corp. 

Gibson, Maurice Weir. 

Gilbert, George Robert, Meteorologist, United Air Lines Trans- 
port Corp. 

Gilruth, Robert Rowe, M.S.Ae.E.; Asst. Aero. Engineer, N.A.C.A. 

Gilson, Robert Doane, B.S.; Engineer, Glenn L. Martin Co. 

Glowa, Latimer William, B.S.; Sales Dept., American Airlines. 

Goddard, Frank Eber, Jr., B.Ae.E.; Stress Analyst, Consoli- 
dated Aircraft Corp. 

Goldman, George M., B.S. in A.E.; Engineering Dept., Boeing 
Aircraft Co. 

Goodall, Ray Gilbert, B.S. in M.E.; Stress Analyst, Lockheed 
Aircraft Corp. 

Gorton, Robert Elsbre, M.Ae.E., Test Engineer, Pratt & Whit- 
ney Aircraft, United Aircraft Corp. 

Gosselin, Hubert A., B.S.; Engineering Representative to Ma- 
teriel Div., U. S. Army Air Corps, for Pratt & Whitney 
Aircraft, United Aircraft Corp. 

Grafman, Abraham Jack, B.S.; Wing Group Engineer, Lockheed 
Aircraft Corp. 

Graves, George Allen, B.Ae.E.; 2nd Lt., Aircraft, U.S.M.C. 

Greene, William A. C., Aviation Div., National Steel Car Co. 
Ltd. Canada. 

Grennough, Harrison, B.S. (Aero.); 
craft Co. 

Greenwood, Ernest Joseph Adolph, Jr., B.S. in Ae.E.; Engineer, 
Vought-Sikorsky Aircraft, United Aircraft Corp. 

Greenwood, Marvin Henderson, M.S. in M.E.; Flying Cadet, 
U. S. Army Air Corps. 


Transducer 


Draftsman, Boeing Air- 
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Pilots just aren’t the men they used to be when we were young. In those days a 
flyer’d as soon lie as fly. Wasn’t a one wouldn’t have taken it as a matter of honor 
hardly to rest till he got one of our Whopper Diplomas. Now lying’s a lost art among 
modern practitioners. Or is it? If you think you can qualify to compete with the old- 
timers, send in your most hyperbolous fabrication in re Gulf Aviation Gas to: 


MAJOR AL WILLIAMS, alias ‘‘Tattered Wing-Tips,” 
Mgr. Gulf Aviation Products, Gulf Bidg., Pittsburgh, Pa. 


THE EDITOR’S MAILBAG 


A novel club seems to have sprung up 
among our contribs. It’s called Stuffing- 
Answers-to-Allegedly-Hard-Projection- 
Problems-Down-the-Editor’s-Throat,Inc. 
We got so many to the last one that we're 
taking a month off to lick oyr wounds 
and dream up a jim-dandy of a rip-snorter 
of a lollapalooza. 

In the meantime here are a few of the 
club members who've scored on us lately: 
W. J. ‘‘too easy’’ Brown; Johnny ‘“‘this 
time I got it without my instructor’’ 
Childs; Howard J. ‘‘kindergarten stuff"’ 
Ide; Robert J. ‘‘quit kidding us’’ Page; 
Bob ‘‘get one hard’’ Newill; Lyle E. ‘this 
may start a feud’’ Dambruch; Bill Hartley; 
Harmon ‘“‘they’re getting easier’ Van 
Winkle; Walter ‘‘much easier’’ Thomson; 
Clarence Thomas; Pvt. Edward A. Kre- 
san; Frank Commisso; P. Morotchic; 
Walter Dinteman; W. Blake ‘‘is some- 
body's fez red!’’ Henderson; E. N. Grim- 
wood; E. Dennis; Bill Corbett and Bob 
**How about something hard?’’ Dickey; 
Norman E. Schmidt; and J. B. “‘the printed 
matter . . . might have led one to think 
it was rather difficult’’ Trenholm. 

Laugh while you may, palsies, we're 
turning on the heat in August. 

Or else throwing in the sponge! 


CONCENTRATE 


Remember when you watched your mother 
making ice cream back in barefoot days? 
While the freezer was turning you prob- 
ably wondered how just a few drops of 
vanilla could flavor a whole freezerful. 
The answer, of course, was that the 
vanilla extract was concentrated. 

As you probably guessed, this is lead- 
ing up to our Gulfpride Oil. The point 


we're making is that, in comparison with 
other oils, Gulfpride is concentrated. Gulf's 
own Alchlor process—used in addition to 
conventional methods—digs down deeper 
into the 100% Pennsylvania—removes 
still more dirt and sludge. The result? 
There’s more lubricating power per drop 
in Gulfpride. And that means more pro- 
tection for your airplane motor. 

However, for use in making ice cream, 
we'll still take vanilla. 


FANTASTIC FINANCE 
Three pilots we know went to a hotel 
on Friday. 

On Sunday afternoon they called for 
their bill which was $30. They each paid 
$10 and went upstairs to pack. 

In filing the bill, the cashier discovered 
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that it should have been $25. So he sent 
a bellboy up with a $5 rebate. 

On the way, the bellboy decided the 
pilots would never know the difference, 
and he pocketed $2. The remaining $3 
he split among the pilots. 

This $1 each, subtracted from the orig- 
inal $10 cach had paid, left each out $9. 

3 x $9=$27. $27 + the $2 taken by the 
bellboy =$29. 

The pilots originally paid $30, so what 
happened to the other dollar? 

Don't get too mad, boys, if you can’t 
figure this out. We couldn't either. Send 
your idea of what’s wrong to T. W. T. 
and we'll break the official explanation 
to you as gently as possible. 


THIS MONTH’S WHOPPER 


Dear Major: 

Norman McEwan's experience with 
Gulf Aviation Gas and mosquitoes might 
seem implausible to some. But not to me. 

Down East here in Gloucester one of 
the boys has a pet darning needle (some 
calls ‘em dragon flies) that he rents out 
to yachtsmen. On ordinary gas it’s all the 
poor beastie can do to finish a light can- 
vas sail for a 10-foot dinghy in an after- 
noon. 

But on one swig of Gulf Aviation Gas 
that flying seamstress has been known to 
whip out a balloon spinaker for a Class J 
sloop in 10 minutes . . . hemstitching all 
the way! 

*Struth, 
Dapper Dan Shea 


Gulf Oil Corporation and Gulf 


Refining Company... makers of 


GULF 
AVIATION 
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TECHNICAL MEMBERS 20 


om, Peter, A.B.; Process Engineer, Douglas Aircraft 


Gulick, Beverly Grey, B.S. in C.E.; Jr. Civil Engineer, N.A.C.A. 

Gureasko, Edward Martin, Aero. Instructor, New York City 
Board of Education. 

Haarman, Donald William, B.S.; Lt., A. C., U. S. Army. 

Hahn, Joseph Augustus, Jr., S.B. in Ae.E. 

Hall, Charles Louis, B.S. in M.E.; Engineering Aide, Aero- 
dynamics Unit, Materiel Div., U. S. Army Air Corps. 

Halliday, John T., Asst. Project Engineer, Wright Aeronautical 
Corp. 

Halperin, David, B.S. in M.E.; Ensign, Naval Aviator, U. S. N. 

Hamlin, Benson, B.Ae.E., Aeronautical Engineer, Vought- 
Sikorsky Aircraft, United Aircraft Corp. 

Harmon, Hubert Norton, B.Ae.E.; Jr. Aero. Engineer, N.A.C.A. 

Harmon, Sidney Morris, B.S. in Ae.E.; Student, Aero. Engi- 
neering. 

Harney, Pat J., Jr. Meteorologist, U. S. Weather Bureau. 

Hawkes, William Michael, A.E.; Naval Aviator, U. S. Navy. 

Haynes, Benarthur Castle, M.S.; Instructor in Meteorology, 
Head of Meteorology Dept., Boeing School of Aeronautics. 

Hellert, Melvin Gustave, B.S. in Ae.E.; Layout & Design Engi- 
neer, Glenn L. Martin Co. 

Hellman, Stanley Clifford, B.Ae.E.; Specification Dept., North 
American Aviation, Inc. 

Henig, Ludwig, B.S.; Chief Engineer, DuBois Martin Aircraft 
“orp. 


Herbert, Frederick Davis, Jr., B.S. in M.E.; Mechanical Engi- 
neer, Kearfott Engineering Co. 

Herold, Anthony John, B.S. in Ae.E.; Stress Analyst, El Segundo 
Div., Douglas Aircraft Co. 

Herschede, Frank Christopher, B.S. in Ae.E. 

Hersey, Donald Samuel, B.S. in Ae.E.; Project Engineer, Pratt 
& Whitney Aircraft, United Aircraft Corp. 

Heyl, Edward Barry, B.S. in M.E. 

Hildebran, Robert Louis, B.S. in M.E.; 
Ingersoll Rand Co. 

Hill, — Clayton, B.S. in Ae.E.; Engineer, Glenn L. Martin 


Student Engineer, 


Hjorth, Harry Ernest, Power Plant Engineer, Douglas Aircraft 


Hodder, Earle Stewart, B.S. in A.E.; Junior Detailer, Lockheed 
Aircraft Corp. 

Hong, Joe Cheung, B.Ae.E. 

Honikel, George Francis, Jr., B.A.E. 

Horton, Roger Fales, Engineer, Aircraft Div., Acrotorque Co. 

Howard, Walter, Jr., B.Ae.E.; Junior Engineer, N.A.C.A. 

Hunnex, Milton DeVerne, Weight Control Engineer, Lockheed 
Aircraft Corp. 

Hunt, William E., Research engineering. 

Hunter, William Thomas Joseph, Draftsman. 

Hunter, Willson Harvey, B.S. in M.E.; Research Supervisor, 
Aeronautical Div., B. F. Goodrich Co. 

Hutton, Richard, Project Engineer, Grumman Aircraft Engineer- 
ing Corp. 

Imperial, F. Fabiano, Ph.D.; Lecturer, Aero. Engineering, Far 
Eastern Univ.; Lecturer, Mech. Engineering, Univ. of the 
Philippines; Design Engineer, National Development 
Co. Philippine Is. 

Isreeli, Jack, M.S. in Ae.E. 

Ivanoff, Andrew, Ae.E.; 
Syndicate. 

Jacobs, Richard Oliver, B.Ac.E.; Engineer, Pan American Air- 
ways, Inc. 

Jamouneau, Walter Corey, B.S. in M.E.; Chief Engineer, Piper 
Aircraft Corp. 

Jarvis, Harold Thomas, Experimental Test Engineer, Pratt & 
Whitney Aircraft, United Aircraft Corp. 

Jenny, Cletus John, B.S. in Ae.E.; Development Engineer, 


Chief Engineer, Airscrew Research 


Eclipse Aviation Div., Bendix Aviation Corp. 

Johnson, Leon William, M.S.; Airplane Pilot and Meteorologist ; 
Captain, U. S. Army Air Corps. 

Jong, Howard Wong, Engineer, El Segundo Div., Douglas Air- 
craft Corp. 

Jordan, Donald John, B.S. in M.E.; Engineer, Vought-Sikorsky 
Aircraft, United Aircraft Corp. 


Kalinowski, Ludwig Boleslaw, M.S. in Ae.E.; Project Engineer, 
Brewster Aeronautical Corp. 

Kamijo, Tsutomu, M.S.; Aero. Engineer & American Representa- 
tive, Mitsubishi Aeroplane Co. 

Karl, William Clement, B.S. in M.E.; 
Navy Dept. 

Karstens, Nicholas Van de Grift, B.S.; Jr. Engineer, Douglas 
Aircraft Co. 

Kauffman, Norman Nathan, Engineer, Svenska Aeroplan Aktie- 
bolaget. Sweden. 

Kaufman, Ben, New York Div. Mgr., Luscombe Airplane Corp. 

Kendrick, James Benjamin, S.M.; Aero. Engineer, Vega Aero- 
plane Co. 

Kennedy, William Patton, M.S. in Ae.E.; Service Dept., Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Kerker, Thomas William, B.Ae.E.; Flight Ensign, U. S. N. R. 

Kibardin, Victor M., M.S.E.; Stress Analyst, Curtiss Aeroplane 
Div., Curtiss-Wright Corp. 

Kiester, Harry Taft, B.S. in M.E.; Jr. Engineer, Pacific Div., 
Pan American Airways System. 

Kirk, Randall Willard, B.Ae.E.; Apprentice Engineer, Pacific 
Div., Pan American Airways Co 

Klischer, Raymond Alvin, B.Ae.E.; Engineer, Luscombe Air- 
plane Corp. 

Kluga, Edwin Chester, Engineer, Svenska Aeroplan Aktiebolaget. 
Sweden. 

Knowles, Richard Cleveland, Ae.E.; Instructor, Mech. Engineer- 
ing, New York University. 

Koch, Albert Arthur, M.S.; Assoc. Engineer, U. S. 
Office, San Francisco. 

Koegler, Richard Kornau, S.B. in Ae.S.; Structural Engineer, 
Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Kramer, Fred S., A.F.R.Ae.S.; Independent Aero. Consultant: 
Accredited Aeronautical Factory Representative. South 
Africa. 

Krivetsky, Alexander, M.S. in Ae.E.; Stress Analyst, Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Kueck, Herbert Frank, B.S. in M.E.; Engineering Dept., Beech 
Aircraft Corp. 

Kurihara, Hisayuki, M.A. in A.E. 

Kyropoulos, Peter, M.S. in M.E.; 
Institute of Technology. 

Land, Norman Stafford, M.S.; Jr. Engineer, Hydrodynamics 
Division, N.A.C.A. 

Langon, Roberto Mauricio, Aeronautical Engineer, Chief of 
Air Traffic & Public Services, Direction of Civil Aero- 
nautics. Uruguay. 

Lappin, Arthur Norman, S.B. in Ae.E.; Engineer, Curtiss Aero- 
plane Div., Curtiss-Wright Corp. 

Larson, Norman Folger, B.S. in M.E.; Installation Engineer, 
Pratt & Whitney Aircraft, United Aircraft Corp. 

Larson, Oscar Theodore, A.B.; Tech. Adviser, Trans-Canada 
Airlines. Canada. 

Lathrem, Charles Ira, B-Ae.E.; Chief Engineer, Propeller Div., 
Canadian Car and Foundry Co. Ltd. Canada. 

Lau, Alfred Herman, B.Ac.E.; Engineer, Curtiss-Wright Corp. 

Lehr, Robert Ralph, B.S. in Ae.E.; Jr. Engineer, N.A.C.A. 

Leonard Nathaniel. Nelson, Jr., B.S. in M.E.; Tool Designer, 
Douglas Aircraft Co. 

Leppert, Elmer Louis, Jr., M.S.; Stress Analyst, Lockheed Air- 
craft Corp. 

Lief, Milton, B.S. in A.E.; Aeronautical Engineer, St. Louis 
Airplane Div., Curtiss-Wright Corp. 

Light, Gordon Snavely, B.S. in A.E.; Draftsman, Glenn L. 
Martin Co. 

Lindberg, John Emery, Jr., B.S. in M.E.; Apprentice Engineer, 
Pan American Airways. 

Lindner, Raymond F., B.Ae.E.; Aero. Engineer, Engineering & 
Research Corp. 

Lindquist, B. H. T., Svenska Aeroplan A. B. Sweden. 


Little, Jack Merwin. 

Locke, Frederick William Sullivan, Jr., M.E.; Research As- 
sistant, Experimental Towing Tank, Stevens Inst. of 
Technology. 


Mechanical Engineer, 


Engineer 


Research Fellow, California 
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Since early days, when flying was a 
game, Nickel has been privileged to 

play an important part in making air- 
craft metals stronger, safer and more uni- 
form. e Nickel is an important alloying element 


in both ferrous and non-ferrous compositions. 
Strength, uniform microstructures, resistance 
to shock, wear and corrosion, are some of the 
outstanding characteristics of alloys containing 
Nickel. e With such universal dependence upon 
Nickel, give heed to the present discussion about 


constructing wings and fuselages from especially pro- 
cessed chromium-nickel stainless steels. New fabrica- 
tion methods permit use of this high strength/weight 
ratio material with its excellent corrosion resistance. 
Your inquiries regarding uses of Nickel are invited, 
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Locke, Loy Hepp, B.S. in Ae.E. 


Lombardi, Loreto, S.B. 
Martin Co. 
Loomis, Robert Charles, B.S.; Ensign, U. S. N. R.; Research 

Engineer, Standard Oil Co. of Calif. 

Losey, Robert Moffatt, M.S.; Captain, U. S. Army Air Corps. 

Lovett, Benjamin Barnes Compton, M.S.; Naval Aviator; 
Lieutenant, U.S. Navy. 

Luethi, Carl Francis, B.S. in C.E.; Captain, Northwest Air- 
lines, Inc. 

Lundgren, Agne, M.E.; 
Sweden. 

Luther, John McClary, Engineering Dept., Power Plant Group, 
North American Aviation, Inc. 

Lutz, Robert J., S.B. in Ae.E.; Junior Engineer, Consolidated 
Aircraft Corp. 

Machin, Charles Alfred Irvine, B.S. in Ae.E.; 
Engineering, Tri-State College. 
MacLean, John Allan, M.S. in M.E.; Asst. Prof., Aero. Engi- 

neering, Univ. of Notre Dame. 

MacNeil, Charles Seward Jadis, S.B. in Ae.E.; Secretary and 
Engineer, Engineering Projects, Inc. 

Maitan, Joseph Jack, Asst. Treasurer, Institute of the Aero- 
nautical Sciences. 

Maloney, Joseph Francis, B.S. in M.E.; Aero. Engineer, Glenn 
L. Martin Co. 

Maloy, Raymond Baird, B.S.E.; Asst. Aero. Engineer, U. S. 
Naval Aircraft Factory. 

Markle, Edwin Gillian, Eng. Checker, Douglas Aircraft Co. 

Marsh, Herbert, Supt. of Tech. Instruction, Boeing School of 
Aeronautics. 

Martin, Donald Alexander, B.Ae.E.; Engineer, St. Louis Air- 
plane Div., Curtiss-Wright Corp. 

Martin, Victor John, M.S. in Ae.£.; Aero. Dept., Univ. Washing- 
ton. 

Masland, William Meyer, B.S.; Captain, Pan American Air- 
ways, Inc. 

Masterson, Byron Brubaker, B.S.; Engineer, Reassembly Div., 
Lockheed Aircraft Co. England. 

Mathews, Charles. Edward, Maintenance Supt., 
Aereos Centro Americanos. Honduras. 

McBain, Sherman W., Engineer, Svenska Aeroplan A.B. Sweden. 

McClarren, Ralph Herbert, Ae.E.; Aero. Engineer, The Frank- 
lin Institute, Philadelphia. 

McCoy, Howard Monroe, M.S. in Ae.E.; 1st Lieutenant, U. S. 
Army Air Corps., Director Propeller Design & Test 
Laboratory, Materiel Div. 

McCullough, George Burns, M.E.; Grad. Student, Stanford 
Univ. 


in Ae.E.; Stress Analyst, Glenn L. 


A. B. Gétaverkens Flygavdelning. 


Instructor in Aero. 


Transportes 


McDonough, Edward William, B.S. in M.E.; Mechanical Engi- 
neer, Douglas Aircraft Co. 


McKay, Walter, M.S. in Ae.; Project Engineer, Sperry Products 
Inc. 


McLellan, Charles Herbert, B.Ae.E.; Jr. Engineer, N.A.C.A. 

McVitty, Edward Winton, B.S.; Division Engineer, Atlantic 
Division, Pan American Airways 

Meany, Robert Cooper, Flight Instructor, Oakland Flying 
Service. 

Meltzer, Fred Carl, S.M.; Financial Research, W. A. M. Bur- 
den. 

Mercer, Charles Rupert, Jr. Engineer, Lockheed Aircraft Corp. 

Meyers, Charles Willis, M.B.A.; Asst. Mgr., Metallurgical 
Dept., American Steel & Wire Co. 

Michael, Marvin Lowell, M.S. in Ae.E.; Engineer, Stearman 
Aircraft Div., Boeing Airplane Co. 

Mihailoff, Nicolas Vladimir, M.S. in Ae.E.; Apprentice Engineer, 
Pan American Airways System. 

Mihalovsky, Leonard Mitrofan, M.Ae.E.; Aero. Engr., Glenn L. 
Martin Co. 

Mildahn, Elwood Charles, B.S. in A.E.; Engine Tester, Ranger 
Engineering Corp. 

Millager, Donald Frederick Fischer, Engineer, Svenska Aeroplan 
A.B. Sweden. 

Miller, Harold Ferdinand, B.S. in Ae.E.; Stress Analyst, Glenn 
L. Martin Co. 

Miller, Kenneth Reagle, Draftsman, Bell Aircraft Corp. 


Miller, Edwin Frank, B.M.E.; Automotive Engineer, Socony- 
Vacuum Oil Co. 

Mills, Roscoe Harlan, Ph.D.; Wright Field. 

Mintz, Bernard, B.S. in Ae.E.; Engineer, Curtiss Aeroplane Div., 
Curtiss-Wright Corp. 

sana A. Thaddeus, Draftsman, North American Aviation, 

ne. 

Mock, Elliot V., B.S. in M.E.; Engineer, Charge of Stress Analy- 
sis, Svenska Aeroplan ‘A. B. Sweden. 

Molloy, Richard Clair, S.B. in Ae.E.; Aero. a Research 
Div., United Aircraft Corp. 

Molson, Kenneth Meredith, Fitter, National Steel Car Co. 

Monaco, Anthony Phillip, B.Ae.E. 

Monagin, Eugene Lilbern, Lieut. U. S. N. (Ret.); 
El Segundo Div., Douglas Aircraft Co. 

Montieth, Oscar Voorhees, B.S. in E.E.; 
Allison Div., General Motors Corp. 

Montoney, Richard Lewis, B.S. in Ae.E.; Engineer, Lockheed 
Aircraft Corp. 

Moore, Charles Kenneth, M.S. in Ae.E.; Ist Lt., U. S. Army 
Air Corps; Asst. Director, Structures & Research, Mate- 
riel Division. 

Morris, Charles William, B.S. in M.E.; Engineer, Boeing Air- 
craft Co. 

Morris, John Kidd, B.S. in Ae.E.; Engineer, Pacific Gear & 
Tool Works, Inc. 

Morrison, Robert Crawshaw, Aero. Engineer, North American 
Aviation, Inc. 

Mosehauer, Edward, B.Ae.E.; Designer, Hamilton Standard 
Propellers, United Aircraft Corp. 

Moy, Stanley, Ae.E.; Apprentice Engineer, Pacific Div., Pan 
American Airways Co 

Mueller, Robert Karl, Sc.D.; Test Engineer, Hamilton Standard 
Propellers, United Aircraft Corp. 

Mullowney, Penn Evans, M.S. in Ae.E.; Jr. Aerodynamicist, 
Glenn L. Martin Co. 

Murphy, Edward William, B.S. in AeE.; Maintenance Engineer, 
Transportes Aereos Centro Americanos. Honduras. 
Murrow, Richard Barzen, M.S. (Ae.E.); Aerodynamics Dept., 

Douglas Aircraft Co. 

Nelson, Wilbur Clifton, M.S.E. (Ae.E.); Aeronautical Engineer, 
Engineering Projects, Inc. 

Nesbitt, Lyman M., B.A.S.; Junior Engineer, Aero. Engineering 
Div., Dept. of Transport. Canada. 

Ngai, Hung-ki, China. 

Nichols, Harry Alfred, Jr., M.A.; Design and Layout Drafts- 
man, A. B. Svenska Jarnvagsverkstaderna. Sweden. 

Nickle, Ferril Rufus, B.S. in C.E.; Jr. Aero. Engineer, N.A.C.A. 

Nicoll, Thomas Hill, B.S. in M.E.; Asst. General Mgr., Ferry 
Machine Co. 

Niessing, William James, Jr., M.S. in Ae.E.; Structural Layout, 
Glenn L. Martin Co. 

Niles, Charles H., B.S. in E.E.; Staff Engineer, Glenn L. Martin 
Co. 


Engineer, 


Project Engineer, 


Nissen, James Magnus, B.S. in M.E.; Aviation Cadet, U.S.N.R.; 
Naval Aviator. 

Norcross, Carl, Ph.D.; Staff Member, Rehabilitation Div., New 
York State Education Dept. 

Nordlinger, Samuel Gerson, M.S. in M.E.; Senior Research 
Engineer, Shell Petroleum Corp. 

Norris, Alexander Richner, M.S. in Ae.; Jr. Engineer, Aircraft 
Screw Products Co. 

Norris, Eugene Wesley, B.S. in M.E.; Asst. Aero. Engr., Air- 
craft Airworthiness Section, C.A.A. 

Nutter, George Huitt, B.S. in M.E.; Engineering Dept., Pratt & 
Whitney Aircraft, United Aircraft Corp. 

Nye, Willis Larabee, Technical Writer, Aviation Press, Inc. 

O’Hare, George William, Ae.E.; Armament Engineer, Vultee 
Aircraft Div., Aviation Mfg. Corp. 

O’Neal, William Brechner, B.S. in M.E.; Flight Test Engineer, 
Glenn L. Martin Co. 

Ostby, Kristian August, B.S. in Ae.E.; Comdr., Royal Nor- 
wegian Navy; Inspector and Test Pilot, Naval Aircraft 
Factory. Norway. 

Otsuki, Yukio, M.S.A.E., Ordnance Lieutenant, 
Japanese Navy. Japan. 


Imperial 
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The KOLLSMAN 
TELEGON REMOTE INDICATING SYSTEM 


In TELEGON the Kollsman Company makes available a proven electric indi- 
cating system whose principles, design, and construction bring new standards 
of economy and endurance to the field of remote indication. 


TELEGON provides a simple means of indicating various functions of the 
engine, position of airplane parts, or other data at a point remote from their 
source, and does this in a way which facilitates maintenance, improves accuracy, 
and eliminates the dangers inherent in long connecting tubes. 


TELEGON achieves this by using a modification of the well-known principle 
of the self-synchronizing motor. Two such connected motors (each weighing 
but 4 ounces) constitute the operating heart of the system. The rotor of the 
transmitting motor is coupled to a standard instrument. The other motor, at the 
instrument board, carries a standard dial and pointer and indicates as though 
the pointer were directly connected to the remote instrument. When used as 
a position indicator, a simple linkage is employed to operate the transmitting unit. 


TELEGON is available for use with any standard airplane instrument in both 
large (31%) and small (214”) size cases. In addition, indicators for many 
combinations of instruments are available. An example is the quadruple indi- 
cator illustrated, which occupies the space of one standard 314” instrument, and 
which may indicate four functions of one engine, or one function of four engines. 

Because standard instruments are used to operate the TELEGON transmitter, 
present instruments are not made obsolete. Familiar methods of calibration 
and maintenance continue. TELEGON units require practically no attention. 

All TELEGON Indicators may be equipped with Kollsman Rim Lighting. 


You are invited to send for complete details. 


KOLLSMAN INSTRUMENT COMPANY, inc. 


8008 FORTYV-FIFTH AVENUE ELMHURST, YORK | 
CENTRAL A TERMINAL, GLENDALE, CALIFORNIA 


: 

4 

4 


TECHNICAL MEMBERS 22 


Outman, H. Vernon, B.S. in Ae.E.; Development Engineer, Re- 
search Section, Glenn L. Martin Co. 

Ovens, William George, Project Engineer, Wright Aeronautical 
Corp. 

Oversee, Rolf George, B.Aec.E.; 
Co. 

Palmer, Aibert Eugene, B.S. in A.E.; Stress Analyst, Vultee 
Aircraft Div., Aviation Mfg. Corp. 

Pang, Hsueh-Chang, Ae.E.; M.S.; Aero. Engineer, Commision 
on Aeronautical Affairs, China. 

Pappas, Costas Ernest, S.M.; Fit. Test Engineer and Aero- 
dynamicist, Seversky Aircrafi Corp. 

Park, John William, M.E.; Engineer, El Segundo Div., Douglas 
Aircraft Co. 

Parker, Kingsbury Eastman, Jr., 2nd Lt., A.C.Res., U.S. Army, 
France Field. Canal Zone. 

Parkinson, John Bingham, Naval Architect, N.A.C.A. 

Parkinson, Leslie Rendall, Ae.E.; A.F.R.Ae.S.; Asst. Prof. in 
charge Aero., State College of Engineering, Univ. of North 
Carolina. 

Parsons, John Frederick, M.E. in Ae.; Assoc. Aero Engineer, 
N.A.C.A 


Draftsman, Boeing Airplane 


Pass, Herbert Ralph, B.A.E.; Junior Aeronautical Engineer, 

Patterson, Albert Mansfield, B.S. in Ae.E.; in charge Static 
Testing, Bell Aircraft Corp. 

Pennoni, Richard James, B.S. in Ae.E.; Stress Engineer, Bark- 
ley-Grow Aircraft Corp. 

Pesek, Wilbert George, B.S. in A.E.; Asst. Chief Clerk, Engi- 
neering Drafting Dept., Goss Printing Press Co. 

Phillips, Michael Joseph, Ae.E.; Asst. Project Engineer, Glenn 
L. Martin Co. 

Pianowski, Leon Joseph, B.S. in Ae.E.; Designing Draftsman, 
Udylite Co. 

Pinkel, Benjamin, B.S. in E.E.; Research Engineer, Power Plant 
Div., N.A.C.A. 

Pinkerton, Robert McLean, B.S.; Assoc. Physicist, N.A.C.A. 

Pipitone, Samuel Joseph, B.S. in Ae.E.; Aero. Engineer, Glenn 
L. Martin Co. 

Pitts, Robert Giles, M.S.; Asst. Prof. Aero. and Mech Engineer- 
ing, Alabama Polytechnic Institute. 

Platt, Robert Cecil, B.S. in Ae.E.; Asst. Aero. Engineer, 
N.A.C.A. 

Plummer, Robert Stanley, Batwing Corp.; TransAir Corp. 

Poorman, George Ellmaker, B.S. in M.E.; Drafting Engineer, 
Curtiss Aeroplane Div., Curtiss-Wright Corp. 

Pope, Douglas Harry, Detailing Draftsman, North American 
Aviation, Inc. 

Powell, Mortimer, Ae.E.; Instructor, Univ. of Cincinnati. 

Prince, William, Draftsman, Glenn L. Martin Co. 

Probst, Joseph, B.S. in A.E.; Draftsman, Grumman Aircraft 
Engineering Corporation. 

Pusin, Herman, M.S. in Ae.E.; Stress Analyst, Glenn L. Martin 
Co. 


Putt, Donald Leander, M.S. in A.E.; Lieut., Air Corps, U. S. 
Army; Asst. Chief, Engineering Section, Materiel Div., 
Wright Field. 

Rafferty, Christopher Alois, B.S. in Ae.E.; 
Pioneer Instrument Co. 

Reed, Albert Clark, B.S. in M.E.; Ist Lt., Air Reserve, U. S. 
Army. Chief of Flight Test, Boeing Aircraft Co. 

Reeder, John Paul, B.S. in A.E.; Junior Engineer, N.A.C.A. 

Reff, Ernest Robert, B.Ae.E.; Chief Stress Analyst, Bellanca 
Aircraft Co. 

Reid, Charles Thomas, Asst. Chief Draftsman for Personnel, 
Douglas Aircraft Co. 

Rethorst, Scott Carson, S.B. in Chem. Eng.; Engineer, Columbia 
Steel Co. 

Rettenmeyer, Francis Xavier, B.S. in E.E.; Manager of Receiver 
Engineering, RCA Mfg. Co. 

Rettenmeyer, Ray Dale, B.S. in E.E.; Editor, ‘‘Communications.”’ 

Reynolds, William Chesley, B.Ae.E.; Stress Analyst, El Se- 
gundo Div., Douglas Aircraft Co. 

Rhines, Thomas Broomell, S.B.; Asst. 


Project Engineer, 


Engineer, Hamilton 


Standard Propellers, United Aircraft Corp. 


Richardson, Charles Lambert, B.S. in Ae.E.; Instructor in Aero. 
Engineering, Boston University and The New England 
Aircraft School. 

Richardson, David Allen, B.S. in Ae.E.; Engineer, Curtiss Pro- 
peller Div., Curtiss-Wright Corp. 

Ricketts, Donald H., M.S.; Meteorologist, American Airlines, 
Inc. 

Rightmire, Brandon Garner, M.A.; Instructor in Mech. Engi- 
neering, Mass. Inst. of Technology. 

Rios, Robert, A.A.Ae.Eng.; Technical Writer, Liaison Engineer, 
North American Aviation, Inc. 

Ris, Charles Harrington, Jr., B.S. in Ae.E.; Stress Dept., Glenn 

. L. Martin Co. 

Roark, Robert Logan, B.S. in M.E.(Aero.); Engineer, Stearman 
Aircraft Div., Boeing Airplane Co. 

Roberts, Wilbur Edison, B.S. in Aero.E.; Aviation Cadet, 
U.S.N. 

Robertson, Donald Ross, B.S. in M.E.; Test Engineer, Sperry 
Gyroscope Co. 

Robinson, Samuel Thomas, Field Engineering Dept., Wright 
Aeronautical Corp. 

Robischon, Ernest William, Aero. Librarian, Guggenheim Aero. 
Lab., Calif. Inst. Tech. 

Rockefeller, William Curtis, M.S. in Ae.E.; Chief of Aero- 
dynamics, Vultee Aircraft Div., Aviation Mfg. Corp. 

Rodee, Walter Fred, M.S. in Ae.E.; Naval Aviator; Lieutenant, 

J. S. Navy. 

Rodert, Lewis August, B.Ae.E.; Asst. Aero. Engineer, N.A.C.A. 

Rogallo, Francis Melvin, M.E.; Asst. Aero. Engineer, N.A.C.A. 

Rosen, George, B.S. in Ae.E.; Research Engineer, Hamilton 
Standard Propellers, United Aircraft Corp. 

Rosen, Joseph, M.S.; Aero. Engineer, U. S. Naval Aircraft 
Factory, Philadelphia. 

Rosenbaum, Mortimer, S.B. in Ae.E.; Stress Analyst, Consoli- 
dated Aircraft Corp. 

Ross, Cecil Alured, A.B.; Aeronautical Librarian. 

Rotelli, Ranieri Leroy, B.S. in Ae.E.; Aero. Engineer, Beech 
Aircraft Corp. 

Roth, John Frederick, Instructor, Curtiss-Wright Tech. Inst. 

Rubin, Arnold Ernest, B.S. in A.E.; Stress Analyst, Lockheed 
Aircraft Corp. 

Rumph, Lewis Benning, Jr., M.S. in Ae.E.; Graduate Assistant, 
Aero. Dept., Calif. Inst. of Technology. 

Ryder, Edward Irwin, M.S. in Ae.E.; Engineer, Aircraft Air- 
worthiness Section, Civil Aero. Authority. 

Sager, John Parke, M.S. in Ae.S.; Ensign, U.S. N. R. 

Sanders, Robert, S.B. in Ae.E.; Sales Mgr. & Engineer, Engi- 
neering & Research Corp. 

Sanford, Charles Avery, A.B.; 
Underwriters. 

Sargent, Howard Harrop, Jr., S.B. in Ae.E.; Engineering Test 
Pilot, Pratt & Whitney Aircraft, United Aircraft Corp. 

Saslowsky, Morris, M.E.; Tester, Consolidated Edison Co., 
Inc. 

Schaal, Ellsworth Alvin, B.S. in Ae.E.; Engineer, Boeing Air- 
craft Co. 

Schairer, George Swift, M.S.; Aerodynamicist, Boeing Aircraft 
Co. 


Underwriter, Aero Insurance 


Schneck, Philip Harold, B.S. in M.E.; Mgr., Contract & Order 
Dept. and Asst. Secretary, Curtiss Propeller Div., Curtiss- 
Wright Corp. 

Schoech, William Alton, M.S. in Aero.E.; Lt., U.S. N.; Naval 
Aviator. 

Schoenfeldt, Milton Robert, Draftsman, Engr. Dept., North 
American Aviation, Inc. 

Schoolfield, William Cleveland, S.B. in Ae.E.; Assistant, Aero- 
dynamic Section, Vought-Sikorsky Aircraft, United Air- 
craft Corp. 

Schulz, August, Design Engineer, The B. G. Corp. 

Schwartz, Albert Murray, Ae.E.; Instructor, Guggenheim School 
of Aeronautics, Georgia School of Technology. 

Schwendener, Karl DeWitt, Project Engineer, Librascope De- 
velopment Co. 

Schwien, Nevin, B.S. in M.E.; Pres., L. N. Schwein Engineering 
Co. 
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of progressive achievement 
have enabled the Lockheed Aircraft 
Corporation to evolve advanced produc- 
tion methods in pace with every new 
development in design and to estab- 
lish many high standards for aviation. 


Some of the most impressive flights of 
recent years have been made in Lock- 
heed airplanes which were basically the 
same as the standard models in daily 
use by airlines, private owners and 
government agencies the world over. 


LOOK TO LOCKHEED 
FOR LEADERSHIP 


LOCKHEED AIRCRAFT 
BURBANK, CALIFORNIA, U.S 
Representatives Throughout the World 
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TECHNICAL MEMBERS 23 


Sears, William Rees, Ph.D.; Instructor in Aerodynamics, Cali- 
fornia Inst. of Technology. 

Sefcsik, Louis Joseph, Aec.E. 

Seidman, Oscar, M.S.; Asst. Physicist, N.A.C.A. 

Serebreny, Sidney Martin, S.B.; Instructor in Aero. Meteor- 
ology, Univ. Minnesota. 

Shapter, Nelson Norton, B.S. in Ae.E.; Aero. Engineer, Bell 
Aircraft Corp. 

Sharp, Charles Willard, M.S.; Engineer, Structures Dept., St. 
Louis Airplane Div., Curtiss-Wright Corp. 

Shedd, John Vassall, B.S.; Engineer, Pacific Div., Pan American 
Airways. 

Sheets, Jack Harold, M.S.E.; Asst. Project Engineer, Curtiss 
Propeller Div., Curtiss-Wright Corp. 

Short, Marion Lewis Lovell, B.S.; Sales Dept., Inter City Air- 
lines, Inc. 

Sibila, Alfred I., M.S. in Ae.E.; Aerodynamics Section, Vought- 
Sikorsky Aircraft, United Aircraft Corp. 

eee Mitchell, A.B.; C.R.Ae.S.; Engineer, Nicholson 

ile Co. 

Smith, Alden Fenton, B.Ae.E.; Asst. Aero. Engineer, Aircraft 
Airworthiness Section, C.A.A. 

Smith, Apollo Milton Olin, M.S. in A.E.; Asst. Aerodynamicist, 
El Segundo Div., Douglas Aircraft Co. 

we Daniel, B.S. in M.E.; Engineer, Douglas Aircraft 

oO. 


Smith, James Hopkins, Jr., LL.B.; Asst. to Vice-Pres., Pan 
American Airways. 

Smith, William Mage, Armament Engineer, Bell Aircraft Corp. 

Smithline, Lawrence, Master Engineering; Glenn L. Martin Co. 

Snedeker, Monte Harrison, Airline Maintenance Inspector, 
Civil Aero. Authority. 

Soellner, Rudolf, B.M.E.; Engineer in charge Power Plant De- 
sign, Stinson Aircraft Div., Aviation Mfg. Corp. 

Souter, Robert Kimble, B.Ae.E.; Meteorologist, Atlantic Div., 
Pan American Airways. 

Sowle, Charles Edgar, B.S. in M.E.; Weight Estimater, Glenn 
L. Martin Co. 

Spanski, Raymond Joseph, B.S. in Ae.; Asst. Engineer, Caille 
Motor Co. 

Spaulding, Ellis Russell, B.S. in M.E.; Engineer, Vought- 
Sikorsky Aircraft, United Aircraft Corp. 

Spaulding, Morril Boughton, Jr., B.S. in Ae.E.; Jr. Engineer, Pan 
American Airways, Inc. 

Speelman, Lloyd Henry, A.B.; Teacher, Public Evening School, 
Canton, Ohio. 

Spencer, Robert Dickey, B.S. in M.E.; Sr. 
Vultee Aircraft Div., Aviation Mfg. Corp. 


Spiess, Paul Christian, B.S. in M.E.; Assoc. Aero. Engineer, 
CAA. 


Stress Analyst, 


Spofford, Edwin Francis, Production Clerk, Glenn L. Martin Co. 

Springer, Burdell Leonard, M.S. in Ae.E.; Assoc. Aero. Engineer, 
Civil Aero. Authority. 

Squiers, John Clinton, B.Ae.; Airplane Designer, Stearman Air- 
craft Div., Boeing Airplane Co. 

Stephens, Boyd C., M.S. in Ae.E.; Jr. Engineer, Pan American 
Airways, Inc. 

Stevens, Emerson Ward, B.Ae.E.; Stress Analyst, Curtiss 
Aeroplane Div., Curtiss-Wright Corp. 

Stewart, Charles David, Engineer, Lockheed Aircraft Corp. 

Stoner, Eliot Filger, M.E.; Engineer in charge, Structures Dept., 
Pacific Railway Equipment Co. 

Storey, Lon, Jr., Ae.E.; Power Plant Engineer, Lockheed Air- 
craft Corp. 

Stout, Joseph Wimmer, Jr., Airline Operations, Pennsylvania- 
Central Airlines. 

Strom, Gordon Haakon, M.S.; Engineer, Glenn L. Martin Co. 

Stuari, Joseph III, M.S. in A.E.; Propeller Aerodynamicist, 
Curtiss Propeller Div., Curtiss-Wright Corp. 

Stubbs, George Rozzle, B.S. in A.E.; Instructor, Lawrence In- 
stitute of Technology. 


Stulen, Foster Baird, M.S.; Asst. Chief Engineer, Propeller 


Div., Pittsburgh Screw & Bolt Corp. 


Surbeck, Richard Underwood, B.S.; Asst. to Pres., Aviation 
Equipment & Export, Inc. 


Sweet, Floyd Jerome, B.S.; Director, Elmira Aviation Ground 
School. 


Taylor, George Frederic, Ph.D.; Chief Meteorologist, Western 
Air Express Corp. (See A.M. of S.) 

Taylor, Mervin Francis, Weight Engineer, Glenn L. Martin Co. 

Taylor, William Elton, Airplane Pilot; 2nd Lieut., U. S. Army 
Air Corps Reserve. 

Tetervin, Neal, M.S.; Junior Engineer, N.A.C.A. 

Theobald, Phillip E., B.S.(Aero.), (Mech.); Test Engineer, 
Hamilton Standard Propellers, United Aircraft Corp. 

Thibodeau, Robert Ernest, B.Ae.E.; Engineer, Research Dept., 
Continental Motors Corp. 

Thompson, Richard Harlow, Designer, Vega Airplane Co. 

Thompson, Robert Alden, M.S.E.; Asst. Prof. Mech. Engineer- 
ing, Univ. of Florida. 

Thoren, Rudolph Lawrence, M.S.E.; Flight Engineer, Lockheed 
Aircraft Corp. 

Thwaite, Walter Earle, Jr., Engineer, Consolidated Edison Co. of 
New York. 

Tracy, Thomas North, B.S.; Aero. Consultant. 

Trafford, Thomas LeVan, Ac.E. 

Trengove, Russell Reed, Jr., B.S. in Ae.E.; Aero. Engineer, 
Douglas Aircraft Co. 

Tucker, John McKinney, Meteorologist, Eastern Air Lines. 

a M., M.E.; Structural Engineer, Glenn L. Martin 

oO. 


Turner, Lindsey Irving, Jr., B.S. in Ae.E.; Junior Aero. Engineer, 

N.A.C.A. 

Uddenberg, Robert Carleton, S.M.; Instructor in Mech. Eng., 
Univ. California. 

Uhrich, Harold R., A.E.; Chief Engineer, Sensenich Bros. 

Ulmer, Ralph Edwin, B.S. in A.E.; Junior Aero. Engineer, 
N.A.C.A. 

Varhanik, Harold Joseph, B.S. in Ae.E.; Engineer, Lockheed 
Aircraft Corp. 

Varrieur, Albert Luigi, B.S. in Ae.E.; Layout Draftsman, Glenn 
L. Martin Co. 

Vasiliauskas, Alfred Francis, B.Sc.(Comm.). 

Veeder, Ronald Allen, N. J. Mgr., Traffic and Sales, TWA, 
Inc. 

Victoreen, Vincent Elmer, B.A.E.; 
craft Corp. 

Von Eschen, Garvin Leonard, M.S. in Aero.E.; 
Drawing, Univ. of Minnesota. 

Vye, Stanley Allen, B.Ae.E.; Weight Engineer, El Segundo Div., 
Douglas Aircraft Co. 

Wagenknecht, Kurt, Dispatcher, Brewster Aeronautical Corp. 

Wagner, Raymond Pollard, Experimental Test Dept. Office 
Manager, Pratt & Whitney Aircraft, United Aircraft 
Corp. 

Walker, Ernest Edward, A.B.; M.L.A.; Aeronautic Consultant 
for Airports and Airways. 

Wallace, Francis Lloyd, B.S.(Aero.E.); 
United Air Lines Transport Corp. 

Walseth, Marvin Ernest, B.A.E.; 2nd Lieut., U. S. Army Air 
Corps. 

Ware, Joseph Fulton, Jr., M.S.; Wright Aeronautical Corp. 

Warren, Roy Edward, B.S. in Ae.E.; Lieut., U. S. Army Air 
Corps. 

Watman, Irving, B.S. in M.E.; Stress Analyst, El Segundo Div., 
Douglas Aircraft Co. 

Webb, John Glen, Aeronautic Instructor, Sacramento Junior 
College. 

Weems, William Rupert, M.S.; Asst. Prof. Aero., Georgia School 
of Tech. 

Weiss, Herbert Klem, S.M. in Ae.E.; Junior Mech. Engineer, 
U. S. Coast Artillery Board, Fort Monroe. 

Weiss, Theodore, Jr., Draftsman, Seversky Aircraft Corp. 

Weitekamp, Elmer John, B.S.; Project Engineer, El Segundo 
Div., Douglas Aircraft Co. 

Wender, Max, B.S.Ae.E.; Engineer, Navy Dept. 

Wendt, Robert Herbert, Pres. and Chief Engineer, Wendt Air- 
craft Corp. 

Wersebe, Edward Ireland, M.A.E.; 
Boeing Aircraft Co. 


Draftsman, Lockheed Air- 


Instructor in 


Engineering Test Pilot, 


Aeronautical Engineer, 
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STUDENT 


Westphal, George Waldemar, Stress Analyst, Waco Aircraft Co. 

Whitaker, John Albert, B.S. in E.E.; Design Engineer, Douglas 
Aircraft Co. 

White, Frederic Stanley, B.S. in M.E.; Aircraft Radio and In- 
strument Mechanic, Booth-Henning, Inc. 

White, George Chester, Jr., B.S.Ae.E. 

White, Richard Pancoast, B.S.; Engineer, Consolidated Aircraft 
Co. 


White, Roland James, M.S. in Ae.E.; Instructor Aero. Eng., 
Univ. Washington. 

Wichers, William Alan, A.B.; Meteorologist, Eastern Air Lines. 

Wiebe, Albert I., Aero. Instructor, New York City Board of 
Education. 

Wiegel, George Albert, Jr., B.S. in Ae.E.; Aero. Engineer, 
T.A.C.A. Honduras. 

Wiele, Robert Francis, B.S. in M.E.; Asst. to Engineer in Charge, 
Sterling Edwards Aircraft Co. 

Wiese, Raymond Richard, B.S. in M.E.; Western Editor, 
“Product Engineering” & ‘‘American Machinist.” 

Wild, John M., M.E.; Mechanical Designer, Associated Electric 
Laboratories, Inc. 

Wilkes, Wesley Harold, B.A.E.; Draftsman, Boeing Airplane 
Co. 


Wilkin, Gerard Leon, Ae.E.; Project Engineer, Luscombe Air- 
plane Corp. 

Wilkins, Theodore William, Technical Planner (Aeronautical), 
U.S. Naval Air Station, Norfolk, Va. 

Wilson, Donald Pastorius, Sales Engineer, Fairchild Aviation 


Inc. 


AERONAUTICAL UNIVERSITY 


Allsop, A. W. 
Becker, Edward S., Jr. 
Bernstien, J. 
Bradley, William N. 
Brandt, C. S. 
Braverman, H. 
Brossel, Kenneth S. 
Burd, Edward 
Burnham, Harry L. 
Burns, Charles E. 
Chase, E. Paul 
Chew, Harry E. 
Chipas, Anthony 
Clayton, Fred W., Jr. 
Cokliss, Oscar E. 
Czach, R. G. 
Denzin, Edward C. 
DeWeese, Herbert F. 
Dietz, William C. 
DiNoto, P. A. 
Dishman, G. K. 
Dolson, V. L. 

Dore, J. J. 

Dratz, John M. 
Dunn, Chester J. 
Emrich, Vernon G. 
Epstein, H. H. 
Ewert, Edward C. 
Fiedler, Arthur C. 
Francek, John 
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AIRCRAFT CONTROLS 


Identified with the aircraft industry from its earliest 
days, NORMA-HOFFMANN pioneered many of the im- 
portant bearing types now accepted as standard in 
aviation practice. * * * * Today, almost every repre- 
sentative builder of aircraft, engines, instruments, 
and equipment—including the United States 
Government- employs NORMA-HOFFMANN PRECISION 
BEARINGS to insure safety and long, uninterrupted 
service. * * * * Typical NORMA-HOFFMANN Aircraft 
Bearings are here illustrated. Write for the general 
Engineering Catalog which describes 108 distinct 
series embracing over 3000 sizes—a PRECISION 
BEARING for every load, speed and duty. 


NORMA-HOFFMANN BEARINGS CORPORATION, STAMFORD, CONN.. U.S.A. 


: PRECISION BALL. ROLLER AND THRUST BEARINGS 
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NA-57 COMBAT TRAINER 
. French Armee de /'Air 


DEVELOPED to U. S. Air Corps 


| i the North American Model BC-2 Combat Trainer 
" sae has recently been ordered in an initial quantity for | 
NA-16-3 GENERAL PURPOSE ; 
Royal Australian Air Force _ Air-Corps Training Bases. Following a long line of - 
distinguished service craft designed and built by 
“North American Aviation, Inc., the Model BC-2 « | 
 bines first line performance with trainer stabili 


NA-49 “HARVARD” TRAINER 
British Royol Air Force 


(BIGHT HUNDRED aircraft of the same basic type. 
are currently being delivered to the world’s lead-- 


NORTH AMERICAN AVIATION, INC. 


{ ~ 
] 
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_ing Air Services. 
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thein present postion of trust. Andi will send 
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NORTH CAROLINA STATE COLLEGE 


Brandon, Joseph W. 
Crawford, Herbert R. 
Davis, James W. 
Doyle, Milton 
Fleming, C. J., Jr. 
Gabriel, W. R. 

Gill, M. A. 
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In the forward march of, 


plays a major part. Most of the recent outstanding 
achievements were made with PESCO equipped planes 
. Even more signifi¢a@mfis the fact that day in and 


AIRPLANES PESCO EQUIPPED 


Barkley-Grow Howard 
Beech Lockheed 
Bell Martin 
Bellanca North American 
Boeing Northrop 
Brewster Seversky 
Chance Vought Sikorsky 
‘Consolidated Spartan 
Curtiss-Wright Stearman 
Douglas Stinson 
Fairchild Vultee 
Grumman Waco 
Hall Aluminum 


viation,, PESCO engineering 


PILOTS AND THEIR ACHIEVEMENTS 
made with PESCO products 


AL WILLIAMS— Aerobatic exhibitions 


HOWARD HUGHES— 
Record round-the-world flight 


ROSCOE TURNER— 
Bendix & Thompson winner 


MERRILL and LAMBIE— 
New York to London and return 


MAJOR ALEX DE SEVERSKY— 
Speed record for amphibians 


FRANK FULLER— 
Transcentinental and Bendix Winner 


JACQUELINE COCHRAN— 
Speed record for women and Bendix Winner 


TOMLINSON and BARTLES— 
Transport speed record 


‘—and many others 


day out PESCO products Gre —. with 
dependability on scheduled transports. of 


airlines, and are standard equipment on a 
commercial, military and private crait the work 


AIRLINES USING PESCO 
EQUIPMENT 
Mid-Continent 


American 

American Export Northwest iy 

Boston-Maine Pan Americ 

‘Braniff P.C. A. 

ChicagoaSouthen TWA 

Delta United 

Eastern Western AirExpress 
FOREIGN 


A. B. Aero Transport 

Inter-Island Polskie Linje Loinicze 

Royal Dutch Aeroplan Trollhattan 
Australian National 


Trans Canadian 


PESCO PRODUCTS HAVE WORLD-WIDE DISTRIBUTION | 


The Pesco Sales and Service organization covers both hemispheres 


UNITED STATES 


West Coast—Air Supply Company 
5959 W. 31d Street, Los Angeles, Cal. 


Mid West — Aircraft Steel & Supply Co. 
419 N. Water Street, Wichita, Kansas 


Mid West—Supply Division, Inc. 
Lambert Field, Robertson, Missouri 


East— Mr. Fred R. Marshall 
2904 Ridge Avenue, Dayton, Ohio 


East Coast — Mr. Hank Miller 
270 Longstreet Avenue, Bronx, N. Y. 


East Coast — Mr. George A. Gray 
Munsey Bidg., Washington, D. C. 


LICENSED MANUFACTURERS 


BRITISH DOMINIONS 
The Plessey Company, Lid., Pesco Pump Division, 
Vicarage Lane 
llford, Essex, England 


CANADIAN AGENTS 


Canadian Pratt & Whitney Aircraft Co., Lid. 
Longueuil, P. Q., Canada 


EXPORT AGENTS 
South America— Aircraft Export Corporation 
90 Rockefeller Plaza, New York, New York 
Roumania, Poland & Turkey—U. S. Ordnance 
Engineers, Inc.,2200 Scranton Rd. ;Cleveland,O. 
Netherlands—N. V. Technisch Bureau, 
Ligtvoet & Besancon, Juliana van Stolberglaan 
$0, ‘S-Gravenhage Holland 
Sweden—Sysiem Paulin Aktiebolag, Birger 
1, 5 Se, ¢ aA, 


Belgium—Rene Hedo, 686 Chaussee de 
Waterloo, Bruxelles, Belgium _ 

Orient (China)—The Intercontinen!t Corporation 
30 Rockefeller Plaza, New York, New York 


PUMP ENGINEERING SERVICE 
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Holmes, S. C. 
Johnson, Paul E. 
Kemper, Hudson 
King, E. V. 
Land, Charles E. 
Loos, Robert A. 
Moseley, C. L., Jr 
Murray, J. L. 
O’Keef, P. F., Jr. 
Pollacek, Harold 
Power, James T 


STUDENT MEMBERS 


Powers, David R. 
Purcell, T. H. 
Roseman, Carl P. 
Scott, John 
Shumate, R. D. 
Suther, George A. 
Tate, Lawrence H. 
Thomason, Robert F. 
Truex, A. C. 
Whitson, Charles 
Williams, L. F., Jr. 


UNIVERSITY OF NOTRE DAME 


Adrian, J. L. 
Bradley, F. X., Jr. 
Delker, Thos. C. 
Grimes, Edward K. 
Huether, Robert W. 


OREGON STATE COLLEGE 


Anderson, J. R. 
Bennett, Harold 
Blakely, Carl F. 
Bronleewe, T. G., Jr 
Denton, Everett R. 
Drakeley, George T. 
Glenn, Oliver 
Hodes, Lewis 
Jordan, Russell W. 
Knerr, L. E., Jr. 
Kruchek, Keith C. 


PURDUE UNIVERSITY 


Ashton, James W. 
Baals, Donald D. 
Bailey, J. W. 
Barnes, C. M. 
Bergdolt, V. E 
Best, S. G. 

Bodeau, Arthur 
Bonner, R. W. 
Boothby, W. B. 
Bowen, J. D. 
Bowles, Hugh G. 
Bull, C. G. 
Burnside, F. J. 
Carr, Paul J. 
Chevedden, Ray T. 
Clark, P. A. 

Croft, W. D. 
Daugherty, Paul E. 
Denlinger, W. E. 
Devore, Gilbert 
Dickstein, J. J. 
Eade, Frederick P. 
Esmeier, E. F. 
Hallett, F. S. 
Hendy, F. 
Hirchert, Robert K. 
Hwang, Hsueh-yuan 
Jantac, A. R. 
Johnson, Alan D. 
Keith, John F. 


Kiefer, Gene P. 
Kling, E. F. E. 
Rohl, Henry 

Zerbe, Earl M, 


Loomis, F. L. 
Martin, William D. 
McKee, William 
Needham, Robert A. 
Newsom, Gail 
Nisley, Joe E. 
Parmley, C. B. 
Person, Robert P. 
Richmond, R. M. 
Vaughan, Wesley L. 
Wiesner, Wayne 


Kellogg, A. W. 
LaFollette, R. L. 
Lankford, H. G. 
Marozick, R. B. 
Mayfield, Fred A. 
McGrath, J. P. 
Miller, William B 
Moore, W. W. 
Murdoch, Kenneth 
Nassau, D. L. 
Newton, E. L. 
Parson, Maurice 
Popovits, M. M. 
Reising, C. A. 
Richardson, R. L. 
Rothrock, L. M. 
Schneblin, R. N. 
Sherman, T. J. 
Shields, G. R., Jr. 
Stephen, Louis H. 
Stevens, W. P., Jr. 
Thomas, H. William 
Tomaszewski, T. L. 
Wagner, Robert 


Wehrenberg, P. H., Jr. 


Wickersham, R. O. 
Williams, G. K. 
Williams, R. H. 
Wong, L. F. 
Yarber, R. F. 


RENSSELAER POLYTECHNIC INSTITUTE 


Aiken, Wm. S., Jr. 
Alber, Carl 

Allen, Warren J. 
Andrews, D. H., Jr. 
Antonatos, Philip P. 
Armbruster, George 
Baer, Arthur D. 
Batson, Matthew A., Jr 
Beil, W. J 

Brown, Bruce N 
Butterworth, A. A. 
Campbell, R. Gordon 
Cole, Rossa W. 
Collins, Francis 
Conway, Robert N 
Cox, R. J. 
Dereszewski, J. C 
DeWitt, R. M. 
Erickson, E. Barton 
Fay, Charles L. 
Frost, Richard H. 
Fuller, Stuart J., Jr 
Geary, Richard 
Graham, Richard P 
Gregg, Arthur B., Jr. 
Gremmels, Stephen B 
Hanson, Hugh L. 
Hetzel, E. 

Hiering, William A. 
Hunter, Howard, Jr 
Jarrett, A. L. 

Jenny, Robert W. 
Kastan, Howard 


STANFORD UNIVERSITY 


Brittan, R. O. 
Brown, Russell W. 
Davis, Wallace F. 
Delameter, H. David 
Dunning, Joseph S 
Frick, Charles 
Lyon, R. P. 


Kemp, W. B., Jr 
Leonard, S. R., Jr. 
Luttrell, J. C. 
Madden, J. F., Jr. 
Martin, Harold G. 
Mattern, John F 
Meyer, William F., 
Miller, J. W. 
Norton, Calhoun 
Paine, Arthur 
Partisano, C. S 
Peck, F. J., Jr 
Pierce, Harold 
Powers, P. J., Jr 
Preston, Merritt 
Rafel, Norman 
Rosen, Gerald L 
Rowley, W. Everett, Jr 
Shorey, Harry S., Jr. 
Shornick, L. H 
Smith, George P 
Smith, Roy V. 
Stark, Robert R 
Sweet, H. R. 
Tucker, Warren A 
Wallace, H. H., Jr 
Walton, D. F. 
Ward, Vincent 
Wayman, W. E., Jr 
Webb, H. G., Jr 
Wells, Robert 
Westcott, W. B 
Williams, H. B 


Miner, M. A 

Nagai, Ichio 
Scarbrough, J. W., Jr. 
Van Every, K. E. 
Vincenti, Walter 
Yuan, Shao Wen 


STEVENS INSTITUTE OF TECHNOLOGY 


Heath, W., Jr. 
McKone, Lane 
Nichols, Anthony 
Nobles, Elon 


TRI-STATE COLLEGE 


Banfield, William H. 
Bourn, R. Q. 
Brown, Morton J. 
Cleveland, E. E., Jr. 
Console, Joseph 
Daly, H. L. 

Dean, Floyd M. 
Entrikin, James E. 
Francis, Harold E. 
Gold, A. R. 
Hamilton, Robert B. 
Hammarlund, Sidney 
Hamsher, John 
Hoffman, Robert R. 
Kostrewa, Frank J. 


Schroeder, Fred 
Solomon, Milton 
Townsend, R. E. 
Weber, T. 


Kotowski, Bruno 
Lamb, Orion C. 
Leas, Lawrence 
Logan, John M. 
Loro, Eugene F. 
Mallory, A. W. 
McCulloch, A. J 
Nash, Guy 
Olson, Stanley C. 
Paine, E. M. 
Peterson, T. F. 
Pike, James O. 
Porowski, Casimer 
Sarafis, Christ A. 
Sauter, Bob 
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@ Chief engineers of aircraft engine manufacturers have 
approved Tiolene for use in their motors. This aviation- 
quality motor oil is skillfully refined by The Pure Oil Company 
from the highest grade of Pennsylvania crude—Nature’s 
best, for this purpose. Quality is controlled from oil wells to 
safety-sealed cans or drums. Fill up, next time, with full- 
bodied Tiolene. Prove for yourself that Tiolene can “‘take it!” 


THE PURE OIL COMPANY, U.S.A. 


100% SUPER-PENNSYLVANIA MOTOR OIL 


is 


Shapiro, Irving A. 
Smith, Geo. C. 
Stewart, B. E. 
Strickland, F. C., Jr. 
Tousley, H. C. 
Treide, Paul H. 


Barbor, E. R. 
Batchelor, B. H. 
Beck, B. C. 

Blaine, C. E. 
Brandt, Berkeley, Jr. 
Bresee, J. D. 
Burner, R. E, Jr. 
Bus, F. J. 

Carlson, Andrew J. 
Delany, N. K. 
Dilatush, Howard B., Jr. 
Drummond, Peter 
Dwinnell, J. H. 
Erickson, Myles D. 
Eskenazi, R. S. 
Goranson, R. Fabian 
Gustilo, William 
Harshman, Jack D. 


STUDENT MEMBERS 


Tropper, Leo 
Tucker, Dean 
Vicek, Frank J. 
Warner, William S. 
Zdanaitis, Vit 


UNIVERSITY OF WASHINGTON 


Howard, John R. 
Hsiung, David 
Ikebuchi, Dick 
Kather, Paul 
Kelso, Lester G. 
Mannick, Philip P. 
Meins, Wallace 
Moore, E. L. 
North, Vincent 
Ostrom, Max 
Rambaldini, Frank 
Rosacker, Fred C. 
Siegrist, Alfred 
Smith, Paul R. 
Sobieralski, A. J. 
Steiner, J. E. 
Watanabe, Hiroshi 
Weaver, John H. 


Horsley, R. M. Wilson, Elton C. 


GRADUATE STUDENTS 


Ash, Howard 
Avgerenos, A. 
Benson, William M. 
Berler, Irving 


Carlson, R. M. 
Carran, J. A. 


Burns, R. R. Cornelius, Walter 
Brott, G. F. Crane, J. 
Butterworth, Wesley T. Crannage, Albert E. 
Bye, A. J. Crichlow, Walter J. 


Cushman, M. E. 
Davies, Will S. 


Capo, Torrey L. 
Carah, Alfred J. 


Champlain, Daniel D. 
Compter, George H. 


DeWeese, Kenneth Y. 
Dotts, Homer W. 
Dykes, Christopher 
Egnor, Robert F. 
Errichson, E. C. 
Fagin, R. H. 
Frankel, M. 
Freyvogel, Bob 
Frick, Jack E. 
Gander, William J. 
Gephart, Harry L. 
Gordon, Marvin J. 
Graff, Gordon W. 
Gramling, James A. 
Grow, Richard L. 
Hall, W. D. 

Harper, Charles William 
Herman, David 
Hill, C. E. 
Hotchkiss, Gerald FE. 
Kjode, Rolf 

Kleven, Peter S. 
Koon, Charles A. 
Kurzawa, Ed. 
Lampman, J. E. 
Lamson, R. T. 
Leich, Harvey A. 
Levine, A. 

Luck, Goodwin R. 
Lusty, Cameron N. 
Magee, J. B. 

Mah, Ying 

March, Paul H. 
Matthews, Robert L. 
McElroy, J. E. 
Mechling, W. B. 
Mellinger, George R. 
Meyer, Donald D. 
Mitchell, Bruce 
Moore, Wim. H. 


ABBREVIATIONS 


A.—Arrts. 

A.C.Res —Air Corps Reserve. 

Ae., Aero.—Aeronautical, Aeronautics. 
A.F.—Associate Fellow. 
Asst.—Assistant. 

B.—Bachelor. 

C.—Civil, Companion. 

C.A.A.—Civil Aeronautics Authority. 
Chem.—Chemical, Chemistry 
Comdr.—Commander. 

D., Dr., Dott.—Doctor. 
Dept.—Department. 
D.I.C.—Diploma, Imperial College, London. 
Dipl.— Diploma. 

Div.—Division. 

E.—Electrical, Engineering. 
F.—Fellow. 

Hon.—Honorary. 

I.Ae.S.—Institute of the Aeronautical Sciences. 
Inst.—Institute. 

Ing.—Engineering. 
Lieut.—Lieutenant. 

M.—Master, Mechanical, MEMBER. 
Math.— Mathematics. 


Mech.—Mechanical. 


N.A.C.A.—National Advisory Committee for Aero- 


nautics. 
Ph.—Philosophy. 
Phys.—Physics. 
Pres.—President. 
Prof.—Professor. 


Murphy, Andrew D. 
Myers, Richard H.. 
Newberger, Eli 
Osterhout, C. J. 
Patton, Harold H. 
Pekary, Raymond H. 
Penry, Charles W. 
Platt, Fletcher N. 
Reed, Norman W: 
Reynolds, Blake 
Rialson, D. E. 

Rich, J. V. 

Roach, Jere H. 
Ross, C. A. 

Russell, Howard 
Russell, John H. 
Schmidt, Harold C. 
Schoonmaker, Robert J 
Scoles, A. B. 
Seaman, J. N. 
Secord, W. P. 

Silos, Manuel, Jr. 
Sohler, W. W. 
Stevens, George 
Street, W. G. 

Tills, Robert G. 
Treggett, Errol G. 
Trimarchi, V. C. 
Tsien, Hsue-Chu 
Tweney, George H. 
Unterman, Manuel 
Vogel, John F. 
Voglewede, Thomas J. 
Weiss, G. 

Whiting, Arthur A., Jr. 
Wright, John A. 
Yamamoto, F. M. 
Young, Walter G. 
Yu, K. F 

Zusi, A. J. 


R.Ae.S.—Royal Aeronautical Society (England). 
R.A.F.—Royal Air Force (England). 
R.C.A.F.—Royal Canadian Air Force. 


Ret.—Retired. 
S., Sc.—Science. 


Tech.—Technology, Technical. 


Univ.—University. 


U.S.C.G.—United States Coast Guard. 
U.S.N.—United States Navy. 
U.S.N.R.—United States Naval Reserve. 


REFERENCES 


M. of S.—American Men of Science. 


B 
W.W.—British Who’s Who. 
7.W. in A.—Who’s Who in America. 
W. in A.A.—Who’s Who in American Aeronautics. 
.W. in B.A.—Who’s Who in British Aviation. 
W.W. in Eng.—Who’s Who in Engineering. 
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AVIATION RADIO EQUIPMENT 


Engineered from a background 
of experience and research 
in every field of radio communication 


RCA makes everything in aviation radio . . . complete 
airport radio equipment, and receivers, transmitters, 
and radio compasses for all ships . . . from smallest to 
largest. To meet the requirements of commercial 
aviation and those of the sportsman pilot, RCA engi- 
neers utilize the full engineering resources of the only 
organization that makes and does everything in radio 


and sound. 


RCA Airport and Aircraft Radio Equipment has a 
notable record in respect to non-obsolescence. All 
airport equipment is built to make expansion easy at a 
minimum cost. And, RCA furnishes a coordinated 
design for airport traffic control, radiobeacon, and 
runway localizing equipment. No matter what the 
need of the scheduled air transport or of the itinerant 
flyer, RCA meets that need with standard equipment 
backed by years of experience. 


AVIATION RADIO SECTION 
RCA Manufacturing Company, Inc. 


Camden, New Jersey 
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ALPHABETICAL LIST OF MEMBERS 


ABBREVIATIONS 
(A list of all abbreviations used in the Biographical section will be found on page 29) 


M—MEMBER (see pp. 13-18) 
S—Student Member (see pp. 24-29) 
T—Technical Member (see pp. 18-24) 
TM—Temporary Honorary Member (see p. 5) 


AF—Associate Fellow (see pp. 5-12) 
F—Fellow (see pp. 2-5) 
HF—Honorary Fellow (see p. 2) 


Ss Abbott, F. T., Jr. Ss Andrunas, V. B. Ss Barclay, W. P. 

T Abraham, Lewis H. Ms Angell, W. R. ‘i Bardsley, J. W. 

F Ackeret, Prof. Dr. J. AF Angle, Glenn D. M __ Barker, Frederick W. 
T Acton, Francis J. Ss) Antal, John G. AF Barling, Walter H. 
AF Adams, A. O. Ss Antonatos, Philip P. AF Barlow, H. W. 

S Adams, Barnard S. Ss Antonenko, Lt. B. P. F Barlow, Major T. M. 
AF Adams, Burnham SS) Applegate, F. Daniel F Barnaby, Comdr. Ralph S. 
S Adams, Charles M. Ss Arata, Winfield, H., Jr. AF Barnard, Dr. D. P. 

Adams, Parks M. M_ Archbold, Richard Ss Barnes, C. M. 

AF Adams, Porter H. AF Arcier, A. Francis Ss Barnes, John C. 

M_ Adamson, R. M. Ss Arentson, Richard E M Barratt, Lt. Roswell F. 
Adelson, H. J. AF Arisaka, Ryohei M seéBarrie, Allan A. 

S Ades, A. E. Ss Armbruster, George Ss Bartfield, Ed. 

Ss Adrian, J. L. M_ Arms, John H. R. T Baseler, Richard T. 

fy Ahlers, J. D. = Arms, Richard P. AF Bass, E. L. 

S Aiken, William S., Jr. M _ Armstrong, Capt. Harry G. Ss Bass, Ray Edward 
AF Akerman, Prof. John D. SS) Arnold, Gordon H. F Bassett, P. R. 

F Alayrac, Insp. Gen. TM Arnold, Major Gen. H. H. NS) Batchelder, E. Barren 
Ss Alber, Carl AF Arnold, Weld Ss Batchelor, B. H. 

Ss Alden, F. G. F Arnstein, Dr. Karl AF Bateman, Dr. H. 

S$ Aldridge, John F., Jr. Ss Ash, Howard AF Bates, M. F. 

F Aldrin, Major E. E. Ss Ashkenas, I. L. AF Batesole, D. E. 

S Alexander, F. B. AF Ashman, Elwyn J. Ss Batson, Matthew A., Jr. 
Ss Alexander, S. R. T Ashton, Benjamin N., Jr. SS) Batterson, Sidney 

AF Alexanderson, Dr. E. F. W. S$ Ashton, James W. AF Bauch, K. F. 

AF Alfaro, Heraclio S) Asper, Michael M Bauer, Paul S. 

S$ Algeri, D. J. 5 Atkinson, Lt. Robert P. = Baumann, Elmer H. 
AF Allard, Prof. Emile NS) Atsumi, J. S AF Baxley, C. H. 

M Allard, J. S. F Atwood, J. L. T Beach, W. I. 

T  Allardt, F. H. S) Austin, Robert W., Jr AF Beadle, F. P. Hyde 

Ss Allen, E. H. T Autry, Peyton AF Beall, A. L. 

F Allen, Edmund T. Ss Avena, Samuel Ss Beardsley, Lt. G. F. 
T Allen, Fred C. T Avery, Harold T. AF Beardsley, Guy E., Jr. 
Allen, George M. M Ayer, R. W. Bebie, Hans 

AF Allen, H. E. S) Avgerenos, A. M __Bechberger, P. F. 

AF Allen, Joseph W. S$ Baals, Donald D Ss Beck, B. C. 

SS) Allen, Warren J. = Babberger, Carl AF Beck, Peter A. 

3 Allred, R. W. tr Bache, Richard F. = Beck, Richard H. 

Ss Allsop, A. W. T Backer, G. H. S$ Becker, Edward S., Jr. 
AF Allward, George A. Ss Baer, Arthur D. yg Becker, John V. 

Ss Alperin, Morton AF Baeumker, Ministerialdirigent A. Ss Beckman, John J. 

T Alter, Horace J. S) Bailey, J. W. T Bednarek, Michael 

AF Altman, Prof. Peter F Bairstow, Prof. L. M Beech, Walter H. 

S Amanuel, E. T Baker, C. F. Ss Beemer, Harold R. 

S$ Amaral, Clay P. M_seBaker, Prof. G. P. M __ Behn, Carl 

Ss Amarante, Capt. B. M. ri Baker, Howard H. M. Ss Beil, W. J. 

HF Ames, Dr. Joseph S. M Baker, Max P. F Beisel, Rex B. 

T Ames, Milton B., Jr. AF Baker, Paul S. Ss Bell, C. F., Jr. 

SS] Amuedo, A. R., Jr. tr Baker, Asst. Prof. R. D. T Bell, E. Barton 

AF Anderlik, Prof. Dr.Ing. E. AF Bakhmeteff, Prof. Boris Alexander S Bell, Harold W. 

Ss Anderson, J. R. AF Ball, H. W. M Bell, John 

S Anderson, K. W. ty Ballauer, Albert C. M Bell, Lawrence D. 

$s Anderson, Ken NS) Ballou, L. Farwell, Jr. tS) Bell, W. T. 

AF Anderson, Robert S Banasch, Bernard F Bellanca, G. M. 

AF Andrake, A. A. Ss Banfield, William H. M Bellinger, Comdr. P. N. L. 
S Andrews, D. H., Jr. M Baptist, W. E. 3 Belsley, Steven E. 

T Andrews, E. F. Ss Barbero, A. T. Ss) Belvin, Dan L. 

T Andrews, W. I. S Barbor, E. R. Ss Bender, Welcome W., Jr. 
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distinguished service! 


Being chosen as equipment by the United States 
Army and Navy as well as all commercial airlines 
of the nation, is an honor for any aircraft product. 
For these organizations have the highest standards 
in the world. Products must “measure up” 100% 
to be selected. It is significant that year after year 
Bendix-Scintilla Aircraft Magnetos have been 
accorded this signal distinction. 
x * * 

Continuous research and testing by the indus- 
try’s most noted staff of ignition ‘experts, assures 
the dependability and efficiency of Bendix 
Aircraft Spark Plugs. 


SCINTILLA MAGNETO 
DIVISION OF BENDIX AVIATION CORPORATION 
SIDNEY, NEW YORK 
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Bendix, Vincent 
Benedict, Marcus C. 
Benner, Claude 
Bennett, Harold 
Bennett, Dr. J. A. J. 
Benoit, E. G. 

Benson, Lt. William M. 
Bentley, George P. 
Berg, Donald P. 

Berg, Hart O. 
Bergdolt, V. E. 
Bergey, Milton C. 
Bergh, Roland C. 
Bergmann, T. 
Berhalter, E. J. 
Berinati, V. J. 

Berler, Irving 

Berlin, Don R. 
Berliner, Henry A. 
Berman, Sydney D. 
Bernstein, Carl 
Bernstien, J. 

Bertholf, Lloyd B. 
Bertrandias, Major V. E. 
Best, S. G. 

Betz, Prof. Dr. A. 
Bevan, Lt. Col. William A. 
Bevins, James E. 
Bicknell, Joseph 

Bikle, Paul F., Jr. 
Billet, A. B. 

Billups, James O. 
Binion, Lamar E. 
Biot, Dr. M. A. 

Bird, W. H. S. 
Bireley, W. Paul 
Birkigt, Marc 
Birnbaum, Daniel S. 
Bisplinghoff, Raymond L. 
Bixler, Donald S. 
Bjerke, Allan E. 
Bjerknes, Prof. V. 
Black, Arch. 

Black, Richard L. 
Bladen, D. H. 

Blaine, C. E. 

Blair, Col. Wm. R. 
Blake, C. L. 

Blakely, Carl F. 
Bland, Jesse M. 
Blaylock, Raymond C. 
Blee, Harry H. 
Blenkush, Philip 
Bloom, Aaron 
Blumberger, Joe 
Bockius, R. W. 
Bockrath, G. E. 
Bodeau, Arthur 
Boetticher, Gen. Friedrich v. 
Bogert, Reid 

Bolas, Harold 

Bollay, Dr. William 
Bolster, Lt. Comdr. C. M. 
Bomer, E. T. 

Bonder, Dr. J. 
Bondor, F. M. 
Bonham, L. D. 
Bonnalie, A. F. 
Bonner, R. W. 
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Bonney, F. S. 

Boothby, W. B. 

Borek, Edward 
Borowski, Edmund J. 
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Rs FROM THE START—ever since 
its products helped the Wright 
brothers complete the world’s first suc- 
cessful airplane flight .. . 

Socony-Vacuum has met Aviation’s 
ever-changing needs with dependable 
fuels and lubricants. 

Its long experience in serving Avia- 
tion—unmatched by any other petro- 


Standard Oil of New York Division ° 
Chicago Division 
Magnolia Petroleum Company 


SOCONY-VACUUM 
AVIATION PRODUCTS 


White Star Division + 
White Eagle Division ° 


At Kitty Hawk in 1903—Everywhere Today... 
Socony- Vacuum Keeps Pace With Aviation 


leum company—enables it to keep con- 
stantly ahead of Aviation’s problems... 
to help solve them with pioneering re- 
search and the most modern refining 
methods. 

That’s why both private and commer- 
cial operators throughout the world rely 
on Socony-Vacuum products for safe, 
efficient, economical performance. 


Socony-Vacuum Oil Company 
INCORPORATED 


Lubrite Division 
Wadhams Division 


General Petroleum Corporation of California 
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OLLOWING a period of intensive research and 
ened in collaboration with the Radio 
Corporation of America, Sperry takes pride in intro- 
ducing the new Automatic Direction Finder. 

This instrument, when once tuned to a station, 
Close-up of the Automatic points continuously and automatically to that station. 
|, problem of 180° ambiguity is eliminated, with provision made 

for relative, magnetic or true bearing indications throughout a full 
360° range. 

. Designed specifically to meet the requirements of route flying and 
orientation, including operation under precipitation static conditions, 
the Automatic Direction Finder takes its place beside the Gyro- 
Horizon, the Directional Gyro and the Gyropilot as another out- 


standing contribution to modern air transportation. 


SPERRY GYROSCOPE COMPANY, Inc. 


BROOKLYN, N.Y. 
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At left, main room in new 
Summerill Laboratory showing 
tensile testing apparatus, 
Rockwell machine, furnaces, 
and an inspection table for 
small, special tubing. 


Top view in panel shows 
the office of the Chief Metal- 
lurgist, with photomicrographic 
equipment and entrance to 
photographic dark room. 


BETTER CONTROL 


for manufacturing 


SEAMLESS TUBING 


@ Chemical and metallurgical control is so essential 
in guiding production of Summerill Tubing that a new 
laboratory building has been constructed giving the 
technical staff the best of modern equipment and 
ideal working conditions. 


@ At Summerill, the laboratory exercises complete 
control over all processing — cold-drawing, annealing, 
inspection and other factors governing quality. Billets 
are selected for steel characteristics; cold-reduction 
is limited to preserve proper grain structure; annealing 
practice is regulated to produce the best, i. e., the 
most suitable properties for each requirement. 


Center view in panel shows a portion of the Chemical Laboratory 
which is equipped with the most modern apparatus for chemical 
control. At right in panel is a close-up of operators at hydraulic 
tensile machine with test being 
made using an extensometer. A 
beam type machine is in back- 
ground. Oval at left shows in- 
spectors examining the surfaces 
of special, small tubing under 
5-power glass. 


SUMMERILL TUBING CO. 


BRIDGEPORT, MONTGOMERY COUNTY, PA. 
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Nagel, Dr. Felix 
Nakanishi, Prof. F. 
Nardo, Sebastian V. 
Nash, Edward M. 
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Nash, Guy 

Nash, W. F., Jr. 
Nassau, D. L. 
Nayler, J. L. 

Nazir, P. P. 

Neale, Peter 
Needham, Robert A. 
Neland, K. E. 
Nelson, Norman E. 
Nelson, Wilbur C. 
Nesbitt, L. M. 
Neumark, Dr. S. 
Neville, Leslie E. 
Newberger, Eli 
Newell, Prof. Joseph S. 
Newsom, Gail 
Newton, E. L. 

Ngai, Hung-ki 
Nichols, Anthony 
Nichols, H. A., Jr. 
Nickle, F. R. 
Nicolas, Maurice 
Nicoll, Major Reginald E. 
Nicoll, Thomas Hill 
Niessing, William J. 
Nikolsky, A. 

Niles, Prof. Alfred S. 
Niles, Charles H. 
Nilsen, R. T. 
Nishikawa, M. 
Nisley, Joe E. 
Nissen, James M. 
Nobles, Elon 
Nojima, N. 
Noorduyn, R. B. C. 
Norcross, Dr. Carl 
Nordlinger, Lt. S. G. 
Norris, Alexander R. 
Norris, Eugene W. 
Norris, V. J. 

North, J. D. 

North, Vincent 
Northrop, John K. 
Norton, Calhoun 
Norton, J. V. 
Noxon, P. A. 

Nutt, Arthur 
Nutter, George H. 
Nye, Willis L. 
Nystrom, H. C. 
Ober, Prof. Shatswell 
O’Connor, Edward 
Oertel, Robb C. 
Ogawa, Prof. T. 
O’Hare, G. W. 
O’Keef, P. F., Jr. 
Oleson, Thomas J. 
Olsen, Oscar F. 
Olshevsky, D. E. 
Olson, Stanley C. 
O’Neal, William B. 
Ono, M. 

Osborn, Earl D. 
Osborn, Robert R. 
Oseen, Prof. C. W. 
Ostby, Comdr. K. A. 
Osterhout, C. J. 
Ostrander, Comdr. J. E., Jr. 
Ostron, Max 
Oswald, Dr. W. Bailey 
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90,000,000 MILES 
EVERY ONE on LE ACO! 


TWA Sky Chiefs make but 3 stops, coast to coast. TWA operates the 
only through Skysleeper between Chicago and Los Angeles. 


pune the scheduled mileage flown by TWA and its 


predecessor companies . . . since 1931. 


Then they weren't flying Douglases, as they do now. Not only has TWA used Texaco Airplane Oil since 
, : : 1931; it has used Texaco Aviation Gasoline for the 
Then they weren’t flying upwards of 30,000 miles a day, past 6 years. TWA is today using Texaco 100%. 


as they do now. But they had begun to use Texaco... and 
have been using it ever since. 

And as TWA climbed to the position of one of the 
foremost airlines of the nation, Texaco climbed with 


them... until today — 

More scheduled airline mileage is flown with Texaco 
than with any other brand. 

Texaco Aviation Fuéls and Lubricants are available 


at all major airports, or through Texaco bulk plants tht 


throughout the country. the stopover at Boulder City, near site of Boulder 
Dam, and destined to be one of the largest recrea- 


The Texas Company, 135 E. 42nd St., New York City. tional areas in the U.S. A. 
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Otsuki, Yukio 

Otto, B. R. 

Outman, Vernon 
Ovens, W. G. 
Overbeke, John W. 
Oversvee, Rolf G. 
Owen, Robert E. 
Owens, William 
Page, F. Handley 
Page, George A., Jr. 
Pagon, W. Watters 
Paine, Arthur 

Paine, E. M. 

Paine, Joseph P. 
Palmedo, Roland 
Palmer, A. E. 

Palmer, F. Weston 
Palmer, Richard W. 
Panetti, Prof. Modesto 
Pang, Hsueh-Chang 
Papazian, L. F. 

Pape, Charles F. 
Pappas, C. E. 

Para, Frank R. 

Parish, Lt. E. W., Jr. 
Park, Robert M. 

Park, John W. 

Pork, V.J., Je. 

Parke, Nathan Grier, III 
Parker, Alan 

Parker, J. Brooks B. 
Parker, K. E., Jr. 
Parker, Willard 
Parker, William F. 
Parkin, J. H. 
Parkinson, J. B. 
Parkinson, L. R. 
Parks, Oliver L. 
Parmley, C. B. 

Parr, Lt. Warren S. 
Parson, Maurice 
Parsons, John F. 
Partisano, C. S. 
Pasqualini, Prof. Clodoveo 
Pass, Herbert R. 
Patterson, Albert M. 
Patterson, Chas. E. 
Patterson, George B. 
Patton, Harold H. 
Paul, Robert H. 
Paulson, George M. 
Pawlowski, Prof. F. W. 
Peace, John D., Jr. 
Pearson, Quentin 
Pease, C. D. 

Pech, Karl H. 

Peck, F. J. 

Peck, William C. 
Pedersen, Rudolph 
Pegna, Dott.Ing. Giovanni 
Pegram, Prof. George B. 
Pekary, Raymond H. 
Pellerin, Earl 

Pellino, Joseph 
Pengelley, C. Desmond 
Pennell, M. L. 
Pennoni, Richard J. 
Pennoyer, Comdr. F. W., Jr. 
Penry, Charles W. 


ALPHABETICAL LIST OF 


be >] 


Heures 
>| 


ns 


ie 


M 


Perkins, Kendall 
Perrin, Harold E. 
Perry, Albert J., Jr. 
Person, Robert P. 
Peschel, Fred M. 
Pesek, Wilbert G. 
Petcher, Sam 
Peterman, Major E. A. 
Peters, Elwyn H. 
Peters, Dr. H. 

Peters, Jack D. 
Peterson, C. Gilbert 
Peterson, T. F. 
Petroff, A. 

Pfeiffer, S. B. 

Pfister, A. C. 
Pfrimmer, Fred B. 
Phillips, F. C. 
Phillips, Michael J. 
Phinizy, W. Harison 
Pianowski, L. J. 
Piccard, Dr. Jean 
Pierce, Harold 
Pierson, R. K. 

Pihl, Lt. Comdr. P. E 
Pike, James O. 
Pinkel, Benjamin 
Pinkerton, Robert M. 
Piper, Lt. Clark N. 
Piper, Paul A. 
Pipitone, S. Jos. 
Pippard, Prof. A. J. S. 


Pirie, Group Capt. George C 


Pistolesi, Prof. E. 
Pitcairn, Harold F. 
Pitts, Prof. Robert G. 
Pixton, Lt. Comdr. J. B 
Platt, Fletcher N. 
Platt, H. H. 

Platt, R. C. 

Plesman, A. 

Plett, Don 

Plummer, R. S. 
Plunkett, Ray E. 
Poggi, Prof. Ing. Lorenzo 
Poirier, Louis A. 
Pollacek, Harold 
Pollock, Samuel 
Polowniak, Emil A. 
Ponsford, G. E. 
Poon, Yuk Pui 
Poorman, George E. 
Pope, Douglas H. 
Pope, Fred E. 
Popovits, M. M. 
Porowski, Casimer 
Porter, Prof. L. Morgan 
Post, George B. 
Potez, Henry 

Potter, Harry C. 
Potts, C. H. 

Powell, Mortimer 
Powell, W. B. 

Power, James T. 
Powers, David R. 
Powers, P. J., Jr. 
Praeger, Otto 

Prager, Prof. Dr. W. 
Prandtl, Prof. Dr. L. 
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Pratt, Haraden 
Pratt, Perry W. 
Prentiss, Vernon 
Preston, Merritt 
Prewitt, R. H. 

Price, William G. 
Priester, A. A. 
Prince, William 
Pritchard, Capt. J. Laurence 
Probst, Joseph 
Propper, Edouard M. 
Prose, A. L. 

Proulx, Vincent A. 
Pugh, Moffett 
Pullignano, N. V. 
Purcell, T. H. 
Purser, P. E. 

Pusin, Herman 

Putt, Lt. Donald L. 
Pye, D. R. 

Pyle, Raymond W. 
Pynchon, Lt. G. M., Jr 
Pyne, Frederick C. 
Quady, J. C. 

Quate, Boyd E. 
Raabe, Arthur E. 
Rafel, Norman 
Rafferty, C. A. 
Rambaldini, Frank 
Ramke, William G. 
Ramsden, E. I. 
Ranney, Daniel R. 
Rannie, W. D. 
Rasmussen, Borge A. 
Raudebaugh, T. C. 
Raudenbush, Allan 
Rauscher, Prof. Manfred 
Rautenstrauch, Robert 
Raven, Julius 
Raymond, Arthur E. 
Reddig, James C. 
Reed, Albert C. 
Reed, Norman W. 
Reeder, John P 
Reedy, Robert E. 
Reeks, William A. 
Reff, E. Robert 
Reichel, W. A. 
Reichelderfer, Comdr. F. W. 
Reid, C. T. 

Reid, Prof. Elliott G. 
Reid, H. J. E. 
Reising, C. A. 
Reisner, Lewis E. 
Reissner, Dr.. Hans 
Relf, Ernest F. 
Renison, Wm. H., Jr. 
Rennie, E. J. C. 
Rentschler, F. B. 
Rethorst, Scott 
Rettenmeyer, F. X. 
Rettenmeyer, R. D. 
Reynolds, Blake 
Reynolds, Wm. Chesley 
Rhines, Thomas B. 
Rhoads, W. R. 
Riabouchinsky, D. 
Rialson, D. E. 

Rice, James S. 
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is shared by every Thompson — 
craftsman who has a hand in the 
making of the two hundred dif- 
ferent Thompson Parts that go into 

aviation service. These precision y 

paris, hardened, ground and in- | 
spected with scrupulous care, are truly — 
the best that modem science and:con-'. 
scientious workmanship can produ 
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Products 
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Rich, J. V. 
Richardson, Avery G. 
Richardson, Charles L. 
Richardson, David Allen 
Richardson, Capt. Holden C. 
Richardson, R. L. 
Richmond, R. M. 
Richter, Paul E. 
Richter, Robert F. 
Ricketts, D. H. 
Riedel, Dipl.Ing. Peter 
Riedy, R. H. 

Rieger, L. P. A. 
Rightmire, B. G. 
Riley, D. E. 

Riley, Robert S. 

Rios, Robert 

Rioux, Richard 
Ripley, Charles B. 
Ris, Chas. H., Jr. 
Ritchie, Perry, Jr. 
Ritter, Arthur, Jr. 
Rittweger, John D. 
Roach, Jere H. 

Roark, Robert L. 
Robert, Inspecteur General 
Roberts, R. E. 
Roberts, F. A. 
Roberts, W. E. 
Robertson, B. J. 
Robertson, D. R. 
Robertson, Ernest M. 
_Robertson, Major William B. 
Robinson, J. F. 
Robinson, Joseph I. 
Robinson, Russell G. 
Robinson, S. T. 
Robinson, Warren 
Robischon, Ernest W. 
Rockefeller, W. C. 
Rodee, Lt. W. F. 
Rodert, Lewis A. 
Rogallo, Francis M. 
Rogowski, A. R. 

Rohl, Henry 

Root, L. E. 

Ropes, John C. 
Rosacker, Fred C. 
Rosan, H. Jouard 
Rosatelli, Ing. C. 
Roseman, Carl P. 
Rosen, Dexter 

Rosen, George 

Rosen, Gerald L. 
Rosen, Joseph 

Rosen, Philip 
Rosenbaum, Mortimer 
Rosenberg, Joe, Jr. 
Rosendahl, Comdr. C. E. 
Rosenkrantz, C. 
Rosner, Robert E. 
Ross, C. A. 

Ross, Cecil A. 

Ross, R. A. 

Rossby, Prof. C. G. 
Rossmann, Peter F. 
Rosstead, O. B. 
Rotelli, Ranieri L. 
Roth, Harold D. 
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Roth, J. F. 

Rothrock, A. M. 
Rothrock, L. M. 

Rowe, Basil L. 
Rowledge, A. J. 
Rowley, Bob 

Rowley, W. Everett, Jr. 
Rubin, Arnold E. 


Ruffner, Prof. Benjamin F. 


Ruhe, Richard Karl 
Rumph, L. B., Jr. 
Ruocco, Bernard 
Russell, F. H. 
Russell, Frank F. 
Russell, Howard 
Russell, Lt. James S. 
Russell, John H. 
Ruszaj, Norbert F. 
Rutkoskie, G. V. 
Ryder, Edmund L. 
Ryder, Edward I. 
Rydlun, Edwyn G. 
Rylsky, Gregory V. 
Sabatier, Jacques 
Sabbia, J. B. 

St. Germain, Arthur V. 
Sager, J. Parke 

Saks, Robert 
Salleeby, C. C. 
Saltus, R. S. 
Sanborn, John A. 
Sanders, Robert 
Sanderson, Paul A. 
Sanford, Charles A. 
Sandgren, Frank 
Sandine, Ralph O. 
Sandorff, Paul 

Sano, J. H. 

Sapolski, Joseph E. 
Sarafis, Christ A. 
Sargent, H. H., Jr. 
Sartore, S. R. 
Saslowsky, Morris 
Satin, Alexander 
Saudek, Victor Mead 
Sauerwein, Robert T. 
Saunders, Thos. F., Jr. 
Sauter, Bob 

Saville, Dean Thorndike 
Savoja, Dr.Ing. U. 
Sawyer, J. G. 

Sayre, Daniel 

Scales, H. S. 


Scarborough, Thomas H. 


Scarbrough, J. W., Jr. 
Schaal, Ellsworth A. 
Schaefer, Everett B. 
Schairer, George S. 
Schairer, Robert 
Scharff, Walter H. 


Scheubel, Prof. Dr.Ing. N. 


Scheurman, S. P. 
Schildhauer, C. H. 
Schliestett, Geo. V. 
Schmidt, E. F. 
Schmidt, Harold C. 
Schneblin, R. N. 
Schneck, Philip H. 
Schnitzer, Benjamin J. 
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Schoech, Lt. W. A. 
Schoenfeldt, M. R. 
Scholes, Ken 

Scholle, Howard A. 
Schoolfield, Wm. C. 
Schoonmaker, J. M., Jr. 
Schoonmaker, Robert J. 
Schory, Carl F. 
Schreiber, Ralph 


Schroeder, Fred 
Schroeder, J. F. 
Schroeder, R. W. 
Schroeter, John C. 
Schubauer, Dr. G. B. 


Schuette, Dr.Ing. E. H. Johann 


Schulz, August 
Schwartz, A. M. 
Schwendener, Karl D. 
Schwendler, Wm. T. 
Schwenn, Kurt R. 
Schwien, Nevin 
Scoles, Lt. A. B. 
Scott, C. W. 

Scott, John 

Scott, Dr. Merit 
Scudder, Nathan F. 
Sea, Austin L. 
Seaman, J. N. 
Sears, W. R. 
Seaver, W. B. 
Sechler, Dr. E. E. 
Secord, W. P. 
Seewald, Dr.Ing. F. 
Sefesik, Louis J. 
Seguin, General C. A. 
Seibel, F. 

Seidman, Oscar 

Se Legue, David F. 
Self, J. Howard 
Seltzer, Leon Z. 
Sempill, Lord 
Serebreny, S. M. 
Settergren, L. E. 
Seulke, Don 

Sewall, Sumner 
Seymour, Lester D. 
Sezawa, Prof. K. 
Shangraw, Clayton C. 
Shanley, F. R. 
Shannon, T. F. 
Shapery, Arthur W. 
Shapiro, Herbert B. 
Shapiro, Irving A. 
Shapter, N. 

Sharp, Charles W. 
Sharp, G. H. 
Sharples, L. P. 
Shaw, Elgin L. 
Shaw, Sir Napier 
Shearston, David W. 
Shebat, H. V. 
Shedd, John V. 
Sheets, Jack H. 
Sheffield, Harold 


Shelmerdine, Lt. Col. Sir Francis 


Sheridan, Dr. Laurence W. 
Sherman, T. J. 

Sherwin, Samuel 

Shick, Ralph H. 
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SHORTEST...FASTEST... 


WE HAVE A KEEN 
APPRECIATION... 


Today we are enjoying a new era 
of flying—thanks to those who have 
contributed to the advancement of the 
aeronautical sciences. 

TWA pilots are not all scientists or 
engineers, but we do claim a keen ap- 
preciation of scientific methods and 
achievements. 

We think that, as a group, TWA 
pilots are outstanding in their knowledge 
of the equipment and instruments with 
which they work. 

We think that a knowledge of the 
“why” as well as of the “how” of air- 
plane operation is essential to a good 
job of flying. 

We are proud of the fact that so 
many engineers choose T WA. - 


Chief Pilot, TWA 


COAST TO COAST 
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Ss Shields, G. R., Jr. 

AF Shields, Wm. 

Ss Shih-I, Pai 

$s Shiley, D. H. 

Shimazaki, T. 

S) Shipley, William D. 

Shipman, John L. 

AF Shoemaker, Comdr. James M. 
AF Shoemaker, James M. 

Shorey, Harry S., Jr. 
Shornick, L. H. 

Short, M. L. L. 

Short, Mac 

Shorter, John W. 

Showalter, J. S. 

Shuler, William T. 

Shumate, R. D. 

AF Shumovsky, S. A. 

AF Sibert, Prof. H. W. 

T Sibila, Alfred I. 

Ss Siegrist, Alfred 

Ss Siggs, Stanley W. 

AF  Sigrist, Frederick 

AF Sikorsky, I. A. 

F Sikorsky, Igor I. 
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S$ Silos, Manuel, Jr. 

Siltanen, John Carl 

AF Silverstein, Abe 

AF  Sims-White, Harold W. 

M Sinclair, C. E. 

M © Sinclair, Lt. Frank D. 

SS) Slack, Morris W. 
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Smith, Alden F. 
Smith, Apollo M. O. 
M Smith, C. R. 
M_ Smith, C. W. 
Smith, Cloyd D. 
AF Smith, Lt. Clyde W. 
Smith, Elbert C. 
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Solomon, Milton 
Solomon, Seymour 
Somers, F. P. 

Sontag, Harcourt 
Sopwith, T. O. M. 
Sorenson, Emil 
Souter, Robt. 
Southee, Earl R. 
Southwell, Prof. R. V. 
Sowle, Charles E. 
Space, Frederick G., Jr. 


Spangler, Lt. Comdr. S. B. 
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Spaulding, M. B., Jr. 
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Speelman, Lloyd H. 
Spencer, Robert D. 
Sperry, Elmer A., Jr. 
Spey, Herbert J. 
Spielberg, Irvin 
Spiess, Paul C. 
Spilhaus, Athelstan F. 
Spillinger, H. G. 
Spofford, Edwin F. 
Springer, B. L. 
Springfield, J. B. 
Squiers, John C. 
Squires, John 

Stack, John 

Ste"b, A. Ralston 

St: cker, Prof. E. A. 
Stanley, Paul H. 
Stanton, I. A. 

Stark, Robert R. . 
Stary, L. J. 

Stavely, Roy S., Jr. 
Stearns, Ray 
Stebley, Robert 
Stecki, Edward G. 


Stedman, Air Commodore E. W. 
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Stefansson, V. 
Steiner, J. E. 
Stengel, J. Frank 
Stephen, Louis H. 
Stephens, Boyd C. 
Stephens, John 
Stevens, Blaine 
Stevens, Emerson W. 
Stevens, George 
Stevens, Melvin E. 
Stevens, W. P., Jr. 
Stewart, B. E. 
Stewart, C. D. 
Stewart, C. J. 
Stewart, Earle 
Stewart, H. J. 
Steyer, Wesley A. 
Stiavelli, Dr.Ing. Manlio 
Stillwell, H. Sheldon 
Stilphen, Paul L. 
Stockdale, John 
Stoner, Eliot F. 
Storey, Lon, Jr. 
Stoughton, Milton F. 
Stout, Joe W., Jr. 
Stout, William B. 
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Stowe, Lewis J. 
Strang, Charles R. 
Straub, Robert 
Straus, Harold 

Street, W. G. 
Strickland, F. C., Jr. 
Strom, Gordon H 
Stryker, C. E. 

Stuart, Joseph, III 
Stubbs, George R. 
Stulen, Foster B. 
Suering, Dr. R. 
Sugarman, Myron 
Sullivan, Lt. E. J. 
Sullivan, George C. 
Sullivan, Thomas M. 
Sundt, Harold, Jr. 
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Sutton, Harry A. 
Sutton, J. R. 

Sutton, W. L. 
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Sweet, H. R. 
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Symington, W. W., Jr. 
Sze, K. Y. 
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Taubman, Samuel 
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Taylor, C. G. 

Taylor, Prof. Edward S. 
Taylor, Prof. G. I. 
Taylor, George F. 
Taylor, James B., Jr. 
Taylor, M. Francis 
Taylor, Philip B. 
Taylor, W. Dudley 
Taylor, Lt. Wm. E. 
Tedford, Dwight, Jr. 
Teichmann, Prof, Frederick K. 
Tennler, Edward J. 
Teofilato, Prof. Pietro 
Terazawa, Prof. K. 
Terrill, C. L. 

Terry, John B. 
Tetervin, N. 

Thaden, H. V. 
Thalau, Prof. Dr.Ing. Karl 
Theobald, Phillip E. 
Theodorsen, Dr. Th. 
Thibodeau, Robert E. 
Thieblot, A. J. 
Thigpen, Brown 
Thomas, Charles F. 
Thomas, Frederick M. 
Thomas, H. William 
Thomason, Robert F. 
Thompson, D. M. 
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FAR above the twinkling lights of 
cities and towns, a giant United 
Mainliner moves across the starlit sky. 
In the cool quiet of the air-conditioned 
cabin, twelve passengers sleep undis- 
turbed in their luxurious berths. They 
left the East this evening. . . will break- 
fast tomorrow in points as distant as 
California and Pacific Northwest. 
This every-day miracle of air travel, 
which reduces even a coast-to-coast 
journey to a comfortable overnight 
trip, does not ‘just happen.’’ While 
the great Mainliner Sleeper cruises 
serenely through the air at three miles 
a minute, an expert army of technicians 
on the ground is backing the flight, 
with a smooth precision gained from 


UNITED AIR 


more than 20,000 previous trips over 
the Main Line Airway—the oldest 
coast-to-coast route by ten years. 

The two able and experienced flight 
officers who fly the Mainliner talk by 
radio with United's ground organiza- 
tion, as easily as though they were in 
the same room. Weather reports from 
300 meteorologists and observers across 
the continent give them sure knowl- 
edge of weather over every mile of 
United's airway. 

The course the Mainliner follows is 
clearly marked by the steady signal of 
the radio beam. And on the gr wnd 
below, a chain of 250 airway be acon 
lights stretches like 
a highway from 

a route.... 


a standard 


of service! 


THE WORLD SLEEPS _ — — 


coast to coast, spaced by 23 well- 
lighted terminals and 30 intermedi- 
ate landing fields. 

Thus with United a Mainliner 
Sleeper flight is far more than just ‘‘a 
plane in thesky.”’ It is asmooth, sys- 
tematic operation involving millions 
of dollars worth of facilities, and the 
careful attention of scores of experi- 
enced technicians. 

And the most sincere interest of al] 
United’s 2,000 coworkers—both on 
the ground and aboard the Mainliner 
—is in the passengers dreaming in 
their berths. To know that their flight 
is luxuriously comfortable, with every 
facility provided, and every wish 
satisfied—that is United's reward. 


Three coast-to-coast Sleeper flights nightly, 
and a scenic daylight flight... “‘com- 


muter” service linking New York-Chi- 


cago, and Los Angeles-San Francisco. 
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United Aircraft has consolidated its two famous 
airplane manufacturing units into a single division, 
Vought -Sikorsky Aircraft, operating in a greatly 
enlarged plant at Stratford, Connecticut. Together 
with important additions to its engine and propel- 
ler divisions at East Hartford, this provides United 
Aircraft Corporation with greater facilities than 
ever before for the design, development, and pro- 
duction of its products, famous wherever man flies. 

With America’s future supremacy in the air 
dependent to a great extent on her capacity for 


producing aviation equipment of superior per- 
formance in large quantities, this program of ex- 
pansion is an important step ... and one that is 
typical of United Aircraft Corporation’s policy of 
looking ahead. 


GCORPORATIORN 


Fast Hartford ,Gonnecticut 
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PRATT & WHITNEY ENGINES * VOUGHT AND SIKORSKY AIRPLANES * HAMILTON STANDARD PROPELLERS * 
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Membership on September 1, 1939 compared with that on October 1, 1938 
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Fellows 
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Student Members 


Totals 


October 1, 1938 


13 


September 1, 1959 
16 
168 
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* This combines the MEMBERS, Industrial Members, and Pilot Members from the 1938 records. 
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1939-1940 


The United States Aircraft Insurance Group 
has completed eleven years of service to the 
Aircraft Indistry. Originally consisting of a 
membership of eight companies, the USAIG 
membership now totals forty-five companies 
with combined policyholders’ surplus of 
$619,000,000. 


We have and will continue to provide for the 
rapidly increasing demands of the Aircraft 
Industry. 


CINITED STATES AVIATION CINDERWRITERS 


INCORPORATED 
AVIATION MANAGERS FOR THE 


USAIG 


UNITED STATES AIRCRAFT INSURANCE GROUP 


Home Office 


80 JOHN STREET 
New York, N. Y. 


Chicago Office Washington, D. C. Office West Coast Office 


AMES R. GRAHAM, Mgr. Service Insurance Dept. FRANK C. TREADWELL, Mgr. 
ye W.JACKSON BLVD, BRAINARD, Mer. 72450. SPRING ST. 
Investment Building T. 


Chicago, Ill. Washington, D. C. Los Angeles, Cal. 
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(Above) Section of wing for high-speed pursuit 
ship. Built up from corrugated sheet and tubular 
members of U-S-S Stainless Steel, all spot-welded 
together, and sheathed in stainless. Its smooth, 
rivetless surfaces require no paint, varnish, or 
lacquer to guard them against time and weather. 


(In panel) All-stainless framework of elevator. In 
framework construction like this, stainless con- 
tributes precious savings in weight because of its 
high strength-weight and modulus-weight ratios. 
Makes possible faster production, because it can 
be fabricated with modern, high-speed spot- 
welding equipment. 


Look for this symbol 
on steel products. It 
represents the highest 
quality, the finest 
metallurgical service. 


NDEPENDENT authorities agree 
that American aviation leads the 
world in safety and maneuverability. 
Responsible for this leadership has 
been this one factor: the aggressive, 
uninhibited policies of our designers 
and builders. 

It is this policy of ceaseless, unrelent- 
ing improvement which, we venture 
to predict, will keep America’s aircraft 
in the lead. As soon as new materials 
and new methods are proved to be 
better, less costly, or generally more 
satisfactory, America will adopt them 
speedily and wholeheartedly. 

Newest of forward steps toward im- 
proved aircraft is the adoption of 
Stainless Steel. 

Here is a metal that offers four dis- 
tinct advantages: 


... as Stainless steel provides 
the newest forward step to 
speed, safety, lightness 


1. Greater Structural Efficiency, because of its 
high combination of strength-weight and 
modulus-weight ratios. 


2. Faster Production Rates, because stainless 
can be fabricated safely with modern 
high-speed spot-welding machines. 


3. Lower Maintenance Costs, because it re- 
quires no paint, varnish, or lacquer to 
protect the surface against time and 
weather. 


4. Greater Safety, because it withstands tem- 
peratures up to 1650°F. This property 
makes stainless invaluable for vital parts 
wherever hot exhaust gases are handled. 


Aircraft designers and builders have 
been quick to realize the significance 
of stainless steel, as an instrument by 
which they can produce the finer ships 
now in demand. Write today for com- 
plete engineering data. 


STAINLESS STEEL 


AMERICAN STEEL & WIRE COMPANY, Cleveland, Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 


NATIONAL TUBE COMPANY, Pittsburgh 


Columbia Steel C y, San Fr 


Pacific Coast Distributors 


Scully Steel Products Company, Chicago, Warehouse Distributors 
United States Steel Products Company, New York, Export Distributors 
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Western Electric 


ABSOLUTE ALTIMETER 


Transmitter sends out the radio wove 
i which is reflected back from the earth, 
Elasped time for the’ ‘round trip’ "is con- 
verted into absol 
indicated in feet on meter shown above. 
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TWO-WAY AVIATION RADIO 


Western Electric 


... acclaimed throughout the world! 


The aviation world has hailed Western 
Electric’s Absolute Altimeter as the great- 
est contribution to flying in years. Built 
on an entirely new principle, it indicates 
visually by continuous, instantaneous 
readings the distance between an air- 
plane and the terrain beneath it. 

The Absolute Altimeter is not affected 
by temperature, atmospheric pressure 


TELEPHONE AND TELEGRAPH 


or humidity. Accurate...thoroughly de- 
pendable...developed by Bell Telephone 
Laboratories ... and made by Western 
Electric, whose aviation radio equip- 
ment has long been standard on major 
U. S. airlines. 

For full details, write Western Electric 
Company, Dept. 328 JAS, 195 Broadway, 
New York, N. Y. 
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INSTITUTE of she AERONAUTICAL SCIENCES 


AIMS 


The Institute of the Aeronautical Sciences is organized to promote the application 
of science in the development of aircraft. By grading members according to their 
qualifications, recognition is given to outstanding professional work and an incentive 
is provided younger members for the investigation of new aeronautical problems. The 
presentation and discussion of technical papers at Institute meetings afford members 
opportunities to hear and meet the leaders in the various aeronautical sciences. Through 
the Journal of the Aeronautical Sciences, members are provided with an opportunity to 
publish and to read of new knowledge and new applications in the field of aeronautical 
engineering. By including in its membership the leading aeronautical specialists in 
other countries an exchange of international thought is made possible. The con- 
tinuous improvement of aircraft depends on scientific research and engineering experi- 
ment applied to design. The Institute desires to bring together all specialists contribut- 
ing to aeronautical progress and, for this purpose, is keeping the dues nominal in amount, 
in view of the fact that practically every specialist already belongs to his own special 
professional society. The dues from members do not provide funds enough both for 
publication of the Journal and for the Institute’s other activities, the difference being 
made up from funds contributed by benefactors and by the aeronautical industry. 


The headquarters of the Institute, located on the fifty-first floor of the largest office 
building in the world, provides members when in New York with a convenient and attractive 


meeting place. 


DUES 


The entrance fee for all members is five dollars. The annual dues are: Fellows 
and Associate Fellows, $10.00; MEMBERS, $10.00; Pilot Members, $10.00; Industrial 
Members, $10.00; Technical Members, $5.00. 


APPLICATION for MEMBERSHIP 


Application for membership forms may be secured from any member of the Insti- 
tute or from the Secretary. An Applicant is required to furnish the names of several 
members acquainted with his professional work. The Admissions Committee recom- 
mends the grade of membership to the Council which, at its discretion, may extend to the 
Applicant an invitation to join the Institute. 


INSTITUTE OF THE AERONAUTICAL SCIENCES 
30 ROCKEFELLER PLAZA 


ROCKEFELLER CENTER 


NEW YORK 
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